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Preface 


This  report  describes  aixd  discusses  applications  for  a  computer  spreadsheet- 
based,  comprehensive  ''s)rstem  description"  of  the  quantity  and  flow  of  heroin 
from  initial  cultivation  and  processing,  duough  international  transportation,  to 
domestic  distribution  and  consumptioiL  RAND  has  developed  and  documented 
similar  system  descriptions  for  cocaine  and  marquana.  This  effort  is  being  jointly 
sponsored  by  RAND's  Arroyo  Center  and  Drug  Policy  Research  Center.  The 
study  should  be  of  interest  to  policymakers  and  aiudysts  supporting  die  Natkoial 
Drug  Control  Program  at  the  national  level  and  others  involved  in  resource 
allocation  for,  or  analysis  of,  the  drug  problem. 

The  Arroyo  Center 

The  Arroyo  Center  is  die  U.S.  Army's  federally  funded  research  and 
development  center  (FFRDC)  for  studies  and  analysis  cqperated  by  RAND.  The 
Arroyo  Center  provides  the  Army  widi  objective,  independent  analytic  researdi 
on  major  policy  and  organizational  concerns,  emphasizing  mid-  and  long-term 
problems.  Its  research  is  carried  out  in  four  programs:  Strategy  and  Doctrine; 
Force  Development  and  Technology;  Military  Logistics;  and  Manpower  and 
Training. 

Army  Regulation  5-21  contains  basic  policy  for  die  conduct  of  die  Arroyo  Center. 
The  Army  provides  continuing  guidarm  and  oversight  dirough  the  Arroyo 
Center  Policy  Committee  (ACPQ,  which  is  co-diaired  by  the  Vice  Chief  of  Staff 
and  by  the  Assistant  Secretary  for  Research,  Development,  and  Accpiisition. 
Arroyo  Center  work  is  performed  under  contract  MDA903-91-C-0006. 

The  Arroyo  Center  is  housed  in  RAND'S  Army  Research  Division.  RAND  is  a 
private,  nonprofit  institution  diat  conducts  analytic  research  on  a  wide  range  of 
public  policy  matters  affecting  die  ruction's  security  and  welfare. 
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James  T.  Quinlivan  is  Vice  President  for  the  Army  Research  Division  and 
Director  of  the  Arroyo  Center.  Those  interested  in  further  information  about  the 
Arroyo  Center  should  ccmtact  his  office  directly: 

James  T.  Quinlivan 
RAND 

1700  Main  Street 
P.O.Box  2138 

Santa  Monica  CA  90407-2138 

The  Drug  Policy  Research  Center 

The  Drug  Policy  Research  Center  (DPRC)  is  supported  by  the  Ford  aiul  Weiitgart 
Foundations.  This  work  is  part  of  the  Center's  extensive  and  ongoing  assessment 
of  drug  problems  at  local  and  national  levels.  Audrey  Bumam  and  Jonattian 
CauUdns  are  die  Co-Directors  of  ttie  DPRC.  Those  interested  in  furdier 
information  about  die  DPRC  should  contact  dieir  offices  direcdy.  Audrey 
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Summary 


The  United  States  has  devoted  substantial  resovurces  toward  stemming  die  flow 
of  illegal  drugs.  Yet  it  is  difficult  to  accurately  characterize  the  drug  system, 
given  that  the  production  and  trafficking  of  drugs  are  illegal  enterprises  cloaked 
in  secrecy.  While  it  is  generally  not  possible  to  validate  fl\e  basic  parameters  of 
the  drug  trade,  a  better  tmderstanding  may  help  policymakers,  law  enforcement 
agencies,  and  analysts  to  evaluate  and  execute  effective  responses  to  the  drug 
problem. 


Purpose 

A  comprehensive  accounting  framework  for  estimating  the  quantities  aiui  flows 
of  drugs  would  go  a  l<mg  way  toward  such  an  understanding.  To  flus  end, 
RAND  has  developed — and  this  report  documents — a  computer  spread^teet- 
based  "system  description"  for  ttie  heroin  trade.  This  system  description  serves 
as  a  database  and  an  analytical  tool  It  consists  of  four  interrelated 
spreadsheets — a  database  and  fluee  others  that  mirror  the  general  pattern  of  the 
heroin  trade:  production,  transportation,  and  US.  distribution.  The  database 
provides  primarily  production-related  data  from  1985  through  1991.  This  report 
£ilso  provides  detailed  information  on  how  to  use  the  model  The  spreadsheets 
are  available  for  either  IBM  (DOS)  or  Apple-based  machines  upon  request  to 
RAND. 

Approach  and  Application 

Using  information  available  in  the  open  literature,  we  constructed  an  end-to-end 
description  of  the  heroin  trade  with  an  emphasis  on  quantities  entermg  the 
United  States.  Despite  the  fact  that  data  are  limited,  we  were  able  to  tell  a 
reasonably  comprehensive  story.  The  systmn  framework  has  allowed  us  (and 
any  other  user)  to  pool  infonnation  from  vwoiis  sources  while  imposing 
consistency  on  these  disparate  data. 

To  examine  the  potential  utility  of  this  tool,  this  report  details  three  distinct  but 
related  applications:  improving  flie  estimation  processes,  conducting  sensitivity 
analyses,  and  guiding  planning  and  assessment  In  improving  flie  estimaticm 
process,  an  analyst  can  use  the  comprehensive  framework  to  evaluate 


xii 


assumptions  or  data  in  terms  of  their  downstream  effects  on  other  indicators.  For 
example,  it  is  possible  to  determine  the  likely  downstream  effects  of  an  increase 
in  opium  crop  yields  on  the  estimated  amount  of  heroin  shipped  to  the  United 
States.  Sensitivity  analysis  can  be  used  to  understand  the  import  of  certain 
parameters  versus  others  (diis  may  be  helpful  in  allocating  intelligence  resources, 
for  example)  and  to  evaluate  first-order  effects  of  change  in  the  system,  such  as 
an  eradication  program. 
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1.  Introduction 


Background 

The  priority  afforded  to  reducing  illegal  drug  use  in  the  United  States  increased 
considerably  during  the  1980s.  This  emphasis  is  evidenced  by  federal  spending 
on  antidrug  efforts,  which  increased  from  $1.5  billion  in  1981  to  a  projected  $12.7 
billion  in  1993,  an  increase  of  nearly  750  percent.^  However,  ever  this  increase  in 
federal  expenditures  may  present  only  a  partial  picture,  because  some  previously 
purchased  resources  have  also  shifted  to  die  drug  war.  The  U.S.  military's 
increasing  role  in  antidrug  efforts  is  a  prime  example. 

The  foundation  for  the  U.S.  military's  involvement  in  the  drug  war  was  laid  in 
1981  when  Congress  amended  the  Posse  Comtatus  Act  of  1878,  paving  the  way 
for  the  military  to  assist  civilian  law  enforcement  agencies  in  die  drug  war.^  By 
the  late  1980s,  illegal  drug  trafficking  was  declared  a  threat  to  U.S.  national 
security,^  and  Congress  had  expanded  the  military's  role  in  the  drug  war  by 
mandating  that  the  I>epartment  of  Defense  (DoD)  play  a  leading  role  in  at  least 
four  broad  areas;  (1)  equipment  loans,  (2)  training  of  law  enforcement  agency 
officials,  (3)  radar  coverage  of  major  drug  trafficking  routes,  and  (4)  intelligence 
gathering  and  dissemination.^ 


Despite  all  the  resources  dedicated  to  stemming  the  illegal  flow  of  drugs,  die 
basic  data  and  analytical  tools  available  to  decisionmakers  have  important  gaps 
and  limitations.  For  example,  the  government  neither  systematically  estimates 
basic  quantities  of  cocaine  and  heroin  consumed  nor  assesses  die  impacts  of 
difierent  drug  control  programs. 


^Office  of  National  Drag  Control  Policy  (CX4DCP),  June  1992,  p.  8.  'nierewasneanya400 
percent  increase  from  19B1  to  1989.  See  CarjMstter  and  Rouse  (1990),  p.Z 

^The  PMse  Comtatus  Act  of  1878  prohibited  ttie  use  of  the  military  for  civilian  law  enforcement. 
See  U.S.  Congress,  House  Committee  on  the  Judiciary  (1981). 

^Presiaent  Reagan  signed  a  National  Security  Decision  Directive  (NSDD)  in  April  of  1986  stating 
foat  the  drug  trade  is  a  direat  to  the  national  secu^  of  the  United  States.  See  Ridibuig  (1986). 
United  States  General  Accounting  Office  (1987),  p.  Z 
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Limitations  of  Current  Information  About 
the  Drug  Trade 

The  inadequacies  of  current  data  on  the  production,  transportation,  and 
consumption  of  illegal  drugs  frustrate  ai\al)rsts  and  policymakers  alike  in  their  at¬ 
tempts  to  understand  the  rudiments  of  illegal  drug  activities.  It  will  always  be 
difficult  to  obtain  good  data  on  an  inherently  clandestine  activity.  Complicating 
matters  further,  opium  cultivation  and  heroin  production  occur  in  many  areas  of 
the  world  that  are  remote,  inhospitable,  and  perhaps  inaccessible  for  political 
reasons.^  Basic  information,  such  as  the  number  of  hectares  under  cultivation, 
die  level  of  indigenous  opium  consumption,  or  the  amount  converted  to  heroin 
for  export,  is  difficult,  if  not  impossible,  to  obtain.  These  data  problems 
exacerbate  the  difficulty  of  making  reasonable  choices  on  how  to  allocate  scarce 
resources  directed  at  reducing  the  pn^lem,  not  to  mention  die  task  of  measuring 
the  effectiveness  of  chosen  policies. 

The  two  major  sources  of  unclassified  production  data  are  the  International 
Narcotics  Control  Strategy  Report  (INCSR),  produced  by  the  US.  State 
Department's  Bureau  of  International  Narcotics  Matters  (INM),  and  The  NNICC 
Report  (formerly  published  as  The  Narcotics  Intdligence  Estimate  or  ME),  generated 
by  an  interagency  group  headed  by  the  Drug  Enforcement  Agency  (D£A). 

Basic  production  estimates  from  these  documents,  such  as  opium  production 
data,  have  shown  persistent  differences.^  Figure  1.1  shows  die  high  and  low 
estimates  from  the  INCSR  and  NNICC  from  1983  to  1989.^  For  opium 
production,  the  NNICC  estimates  have  been  consistendy  higiher  than  the  INCSR 
estimates.^  The  difidnnces  between  their  midpoints  have  been  as  low  as  0.5 
percent  in  1985  and  as  hig^  as  11.2  percent  in  1987.  Also,  while  die  INCSR  has 
typically  offered  a  point  estimate,  the  range  between  die  hig^  and  low  NNICC 
estimates  has  been  generally  increasing  since  1985. 


%'or  example,  ban,  Buraia,  A^hanistan,  and  Lebanon  are  major  producers  of  illicit  opium,  and 
these  countries  have  recently  experienced  internal  tunned  or  have  governments  unfriendly  to  the 
United  ^tes.  The  ottier  prind^  producers  are  Thailand,  Laos,  Pakistan,  Mexico,  and  Guatemala 
(with  a  potentially  burgeoning  production  in  Colombia). 

^  1990  the  NNICC  began  publishing  the  INC^  numbers  as  the  formal  government  estimate. 
However,  diere  are  still  frincbimental  disa^eements  within  and  between  these  two  groups  (interview 
with  a  Defense  Intelligence  Agency  analyst.  May  1992). 

^These  estimates  are  for  the  six  mi^r  producers  of  opium:  A^umistan,  Iran,  Pakistan,  Burma, 
Laos,  Thailand,  and  Mexico. 

^The  same  is  true  for  cocaine;  see  Dombey-Moore,  Resetar,  and  Childress  (forthcoming),  p.  2. 
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Figure  1.1 — ^Worldwide  Opium  Production:  NNICC  and  INCSR  Estimates 

from  1983  to  1989 
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Other  discrepancies  occur  as  well.  There  are  occasional  revisions  in  dte 
published  data  from  year  to  year — some  with  explanation,^  and  some  without 
explanation.  1^  There  are  also  disagreements  among  the  NNICC's  participating 
agencies.ii  And  the  discrepancies  are  even  greater  for  ottier  drugs.  All  of  the 
above  iitdicate  tire  general  imcertainty  surrounding  some  fundamental  estimates 
of  drug  productitm. 


^For  example,  opium  yield  estimsta  fcnr  Burma  and  nvdland  were  recently  decreased  by  28 
percent  after  a  study  indicated  diat  lower  estimates  were  warranted.  See  INCSR,  1992,  p.  29. 

^^eter  Reuter  and  David  Ronieldt  (199%  p.  54}  point  out  that  'in  1980,  the  NNICC  estimated 
Mexican  opium  production  at  barely  10  metric  tons;  one  year  later,  the  1980  estimate  was  revised 
upward  by  betwwn  50  and  60  percent,  widi  little  or  no  ei^lanation.'  Ibese  problems  of  estimation 
occur  with  Mexico,  a  country  that  is  contiguous  to  the  United  States,  has  good  relations  across  die 
b(»der,  and  is  not  experwndng  war  or  any  other  type  of  internal  turmoil.  By  contrast,  deriving 
estmutes  for  Southed  or  Southwest  Asiw  production  is  much  more  difficult 

^llhe  1989  NNICC  Report  estimates  diat  Af^ianistan's  opium  production  was  from  460  to  710 
metrictms.  However,  the  DEA  believes  that  a  better  estimate  is  700  to  800  metric  tons.  Seethe  1969 
NNICC  Report,  p.  49. 

I^See  Dombey-Moore,  Resetar,  and  Childress  (forthcoming)  and  Reuter  and  Ronfeldt  (1992)  for 
a  discussion  of  marijuana  production  estimates  for  Mexico. 
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The  uncertainties  about  heroin  production  estimates  compound  the  difficulty  of 
determining  heroin  consumption  in  the  United  States.  For  example,  worldwide 
heroin  production  has  been  steadily  increasing  since  1985,  as  iUustrated  in  Figure 
1.2.^^  This  rise  in  worldwide  heroin  production,  coupled  with  U.S.  domestic 
indicators  on  heroin  availability,  such  as  the  increasing  availability  of  heroin  in 
America's  high  schools,^^  additional  heroin  seizures,^^  rising  purity  levels,^^  and 
decreasing  price,  seems  to  indicate  that  heroin  availability  (and  maybe 
consumption)  is  rising. 

At  tihe  same  time,  however,  heroin  consumption  indicators  do  riot  reflect  a  strong 
surge  in  usage.^^  As  Figure  1.3  shows,  tlM>  percentage  of  the  population  from  18 


estimated  worldwide  heroin  production  b  generated  by  the  spreadsheet  model  described 
inthisreport  The  modd  takes  into  account  opium  pn^uctkm  by  the  wt^'snu^  producers: 
A^hanistan, Iran, FaUstan, Burma, Laos, lluiland, Mexico, Guatemala, and Lrixmon.  Themodel 
generates  an  estimate  of  gross  heroin  production  before  losM,  seizures,  and  consumption  within  tile 
producing  country.  We  did  not  depict  yeariy  estimates  of  metric  tons  of  heroin  produced,  because 
such  estimates  are  likely  to  be  too  high;  greater  amounb  of  opium  are  consumed  than  are  accounted 
fbrinthemodeL  A  lot  of  opium  is  not  converted  to  heroin  but  is  consumed  as  opium.  Wehave 
relied  upon  the  INCSR  and  NNICC  reports  for  estimates  of  produdng-country  <^um  consumption, 
altiiough  they  appear  to  be  exceedingly  low.  Indeed,  in  some  cases  thm  is  no  rqwrted  opium 
consumption  in  countries  that  are  widely  believed  to  be  net  importers  of  opium  to  satiate  dmnestic 
demand.  As  a  result,  we  have  emphasized  tiuough  Figure  1.2  the  annual  trend,  or  annual  percentage 
change  since  1985,  ratiier  tiian  the  estimated  absolute  amount  of  heroin  produced. 

^^Fbr  example,  the  1990  annual  High  School  Survey  of  the  nation's  high  school  senkm  revealed 
that  cocaine  and  marquana  were  becoming  less  available  (7  peroero  decrease)  between  1988  and  1990, 
while  heroin  was  becoming  more  available  (7  percent  increase).  The  1991  data  indicate  that  heroin 
was  becnming  less  available  (2  percent  decrease  since  1988),  bm  was  practically  stable  compared  to 
the  reductions  in  cocaine  (17  poroent  decrease)  and  marquana  (12  pei^t  decrease)  availat^ty  since 
1988.  See  National  Drug  QmtrolStmligy,  The  White  IfouK,Janua^  1992,  pp.  24-25. 

^According  to  the  DEA,  heroin  seizures  in  tiie  United  Slates  have  increased  by  over  200  percem 
between  1981  and  1988;  from  1987  to  1988,  seizures  doubled  from  382.4  Idk^rams  (kg)  to  793.9  kg. 
The  Federal-Wide  Drug  Seizure  System  (FUSS)  indicates  tiut  14)95.2  kgs  were  seiz^  in  1969;  813.9  in 
1990;  and  1,376.4  in  1991.  These  are  seizures  mode  within  the  jurisdiction  of  tiie  Untied  Slates  by  the 
Drug  Enfmcsment  Administration,  Federal  Bureau  of  Investigation,  US.  Customs  Service,  and  U.S. 
Coast  Guard. 

^^The  average  purity  levd  on  tiK  street  for  the  user  has  gone  from  an  average  of  3  to  5  percent 
intheearly  1980s  to  as  hi^  as  50  percent  in  some  cities  by  the  end  of  the  1980s.  The  average  purity 
level  across  tile  country  is  currently  about  30  percent  See  US  Congress,  House  of  Representatives 
(1990),  p.  38.  Also,  rew  to  US  Dqrartment  of  Justice,  Drug  Enforcement  Administration,  Office  of 
Intelligence, 'From  tiie  Source  to  the  Street  Mid-1990  Prices  for  Cannabis,  Cocaine,  and  Heroin,' 
bttelUgttux  Trouts,  various  issues;  and  US  Department  of  Justice,  Drug  Enforcennent  Administration, 
Office  of  Intelligenoe, 'An  Annual  Report  of  tiie  Source  Areas,  C^  aM  Purity  of  Retail-Level 
Heroirt' Dome^  Monitor  Pn^gnm,  various  issues. 

^^The  price  of  heroin  decreased  by  more  than  half  during  tile  1980s.  See  US  Congress,  House 
of  Representatives  (1990),  p.  38. 

A  complete  discussion  of  the  various  trends  is  provided  in  BOTEC  Analysis  Corporation 

(1992). 

l^obtaining  accurate  data  on  heroin  use  is  problematic  for  a  variety  of  reasons.  Forexample, 
tile  major  instrument  for  collecting  data  on  the  drug-using  population  is  the  National  HousdKMd 
Survey,  and  numy  drug  users  do  not  reside  in  hous^lds.  Scm  heroin  users,  however,  are 
functional  membos  of  society.  According  to  Dr.  Robert  B.Millinan,  director  of  drug  and  akxtiiol 
abuse  programs  at  New  York  Hospital-Payne  Whitiiey  Psydiiatric  Clinic, 'there  are  enormous 
numbm  of  people  in  all  walks  of  life  who  have  integrated  heroin  use  wifo  their  lives.”  SeeTreaster 
auly22,1992),p.l. 
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ngnre  13 — ^Heroin  Ueege  (Ever  Used)  in  the  United  States  (18  to  25  Years  Old) 
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to  25  years  old  that  reports  taking  heroin  is  not  increasing  dramaticiUly.^  Also, 
heroin-related  emergency  room  visits,  as  captured  by  the  Drug  Abuse  Warning 
Network  (DAWN),  decreased  from  1988  to  1990.^^  Moreover,  because  of  a 
societal  intolerance  of  drug  use  in  general,  heroin  use  in  particular,  and  a  lack  of 
new  initiates,  some  believe  that  the  United  States  is  not  on  tiie  cusp  of  a  itew 
heroin  epidemic.^ 

Given  the  imcertainty  tivat  surrounds  die  basic  data  on  the  outlines  of  the  heroin 
trade,  it  is  not  surprising  tiuit  there  are  occasionally  very  difierent  estimates  for 
the  same  factor  or  estimates  for  two  different  factors  that  appear  to  be 
incompatible  with  each  other.  The  model  described  in  tius  report  can  be  used  as 
a  tool  to  help  manage  these  problems. 

Since  the  drug  trade  is  a  "system,"  it  is  impossible  to  end  up  witii  more  heroin 
than  the  sum  of  die  raw  materials  widi  whidi  it  was  produced.^  By  economic 
reasoning,  there  should  also  be  some  relationship  between  prevalence  or  amount 
of  drug  consumed  and  the  amount  of  drug  produced  or  imported.  The  "system 
description"  imposes  a  framework  that  eidier  forces  consistency  in  assumptions 
or  data  or  highlights  sources  of  inconsistency.  Essentially  then,  it  is  an  elaborate 
accotmting  scheme  for  reconciling  estimates  of  die  quantities  and  flows  of  heroin. 


Purpose 

This  study  describes  a  tool  to  assist  decisionmakers  and  analysts  in  estimating 
quantities  and  charting  die  flow  of  heroin.  The  tool  is  a  computer  spreadsheet- 
based  model  which  provides  a  s}rstem  description  of  die  heroin  trade.  Along 
with  a  database,  the  model  contains  odier  spreadsheets  diat  mirror  the  general 
pattern  of  the  heroin  trade:  production,  international  transportation,  and  U.S. 


data  are  from  National  Institute  on  Dnig  Abure  (NIDA),  National  Housdtold  Survey 
on  Drug  Abuse,  and  represent  ttie  percentage  of  18  to  25  year  old  adults  who  have  'ever  used' 
heroin.  Similar  data  on  usage  in  the  last  30  days  is  unavaildiie  for  heroin.  Ihis  figure  shows  foe  data 
for  foe  18  to  25  year  old  groiq)  because  the  data  for  the  ofoer  age  groups  are  unavailaUe. 

^The  average  number  of  DAWN-related  incidents  per  quarter  was  3,813  in  1968;  3,756  in  1969; 
and  2,984  in  foe  fost  two  quarters  of  1990.  See  Natioml  Drug  Control  Strati^,  The  White  House, 
February  1991,  p.  85.  Aimual  figures  on  the  national  level  show  a  less  dramatic  downturn.  For 
example,  38/)^  incidents  were  reported  in  1988;  41,656  in  1989;  33,576  in  1990;  and  36576  in  1991. 
Refer  to  U5.  Department  of  Healfo  and  Human  Services  (1992),  p.  10.  However,  this  is  a  recent 
downturn  because  the  number  of  heroin-related  DAWN  incidents  increased  at  a  steady  rate  from 
1980  to  1988,  with  12,522  in  1965  and  15733  in  1988. 

22seeONDCP{1992). 

23Thisis  meant  as  a  general  statement  During  a  particular  time  period,  some  final  product 
could  come  frcan  storage  and  not  from  the  taw  materials  of  that  period. 
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distribution.  The  model  is  designed  to  allow  tisets  to  substitute  dieir  own  data  or 
assumptions  about  parameters.^^ 


Outline 

Section  2  provides  a  narrative  account  of  opium  cultivation  and  heroin 
production.  The  section  provides  some  information  about  the  underlying 
process  modeled  in  die  spreadsheets.  Section  3  gives  a  general  systems  overview 
of  die  model;  Section  4  discusses  some  possible  applications  the  model  could 
support;  and  Secticxi  5  is  the  conclusion.  Appendix  A  lists  the  regional 
organizatioi  of  die  United  States  used  in  die  spreadsheets;  Appendices  B  and  C 
provide  more  detailed  information  about  the  structure  and  operation  of  the 
spreadsheet  model;  Appendix  D  presents  a  short  primer  on  die  INCSR's  data 
collection  methodology;  and  Appendix  E  di^lays  die  output  from  a  simulation 
to  test  for  the  effect  of  propagating  errors  in  the  model 


^^SfanUar  system  deaaiplians  have  been  developed  at  RAND  for  cocaine  and  mai^uana. 
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2.  The  Heroin  Production  Process 


This  section  provides  a  brief  overview  of  tite  heroin  production  aiul 
transportation  processes  tiiat  underlie  the  spreadsheet  model.  It  describes  tite 
steps  in  the  process,  tite  conversicnt  factors  as  processing  moves  from  stage  to 
stage,  and  some  of  tite  uncertainties  surrounding  titese  factors.  It  also 
summarizes  the  roles  of  various  countries  in  tite  production  and  traitsportation 
of  heroin. 

The  first  subsection  provides  a  generic  description  of  how  heroin  is  produced, 
describing  the  stages,  irtgredients,  equipment,  aitd  time  required  for  the  various 
stages.  But  tite  description  is  ttotioital  in  tite  seitse  titat  it  does  not  take  into 
account  any  production  diffeteitoes  titat  may  occur  in  any  of  the  heroin- 
produdng  countries.  It  also  treats  the  process  as  titou^  it  took  place  in  a  single 
location  with  rto  interruptions,  even  titou^  this  is  rarely  the  case.  The  second 
subsection  describes  tite  urtcertainty  over  some  basic  estimates  of  heroin 
production. 


Producing  Heroin 

How  It  Is  Made 

Manufacturing  heroin  (diacetylmorphirte)  from  the  opium  poppy  plant  {Papaoer 
somniferum  L>  is  a  surprisingly  uncomplicated  tiuee-step  process.  The  printary 
raw  material  is  opiurrt,  which  is  harvested  from  tite  poppy  plant,  and  tite  two 
intermediate  products  ate  morphine  base  aztd  heroin  base.^  It  requires  about  10 
kg  of  (^um  to  produce  about  1  kg  of  morphine  base,  which  in  turn  yields  about 
the  same  amount  of  heroin  base  attd  heroin.  However,  the  yields  at  each  stage 
can  vary  widely  depettding  upon  tite  availability  and  quality  of  equipment  and 
cherrtkals,  as  well  as  tite  skill  artd  sophistication  of  tite  "chentist" 

The  opitim  pc^y  plant  is  an  extremdy  adaptable  and  hardy  plant,  but  does  best 
in  tropical  artd  setrtitropkal  temperate  zones.  If  growirtg  cortditions  are  ideal, 
twoopiumharvestsper  year  can  be  obtairted  from  tite  plant  The  unripe  seed 
capsules  are  incised,  releasing  a  milky  juice  which  is  gatitered  and  dried  to  form 


^Mofj^iine  bate  it  alio  known  as  No.  1  heroin,  and  heroin  base  »  aooietiines  referred  to  as  No.  2 
heroin. 
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brown  raw  opiuotn.  This  raw  opium  can  be  consumed  as  such  and  indeed  is 
ctxuumed  in  great  quantities  in  many  producing  countries. 

The  processing  of  heroin  requires  opium,  water,  lime,  a  pH  modifier,  and  an 
acetylating  agent.  Except  for  die  acetylating  agent,  all  of  dtese  materials  are 
widely  available  where  opium  is  grown.  There  are  numerous  processing 
mettrods,  each  somewhat  different^  Neverdwless,  each  mettuxl  entails  soaking, 
heating,  and  filtering  the  opium  until  a  brown  powder  is  achieved.  This  power  is 
compressed  into  bricks,  and  is  known  as  morphine  base. 

There  is  little  variatum  in  the  procedures  used  to  convert  morphine  base  into 
heroin.  The  dried  rtu»phine  base  is  mixed  widi  acetic  anhydride  or  some  c^ier 
acetylating  agent,  heated  to  a  boU,  cooled,  arul  mixed  wito  water.  After  ttie 
resulting  solution  is  filtered,  a  second  solution  of  water  and  sodium  carbonate  is 
added  to  the  heroin  acetate,  and  the  ccsnbination  is  filtered  atui  then  dried.  This 
process  results  in  the  powdery  gray  Na  2  heroin  or  heroin  base.  However,  this  is 
an  intermediate  step.  Heroin  base  is  insoluble  in  water  arul  fiierefbre  uitsuitable 
for  infection. 

Further  refinement  of  the  heroin  base  results  in  the  two  nuuketable  products.  No. 
3  heroin,  sometimes  called  smoking  heroirv  a  soluble  salt-like  substance  fiuit  is 
usually  gray  or  brown,  and  No.  4  heroin,  the  purest  form  of  heroin,  usually  a 
fluffy  white  powder.  Since  ttie  mid-1980s,  Mexican  black  tar  heroin  has  become 
increasingly  available  in  ttie  United  States.^  Mexican  heroin  is  produced  as  a 
brown  powder  or  a  black  tar,  mostly  ttie  latter.^  The  production  process  used  to 
produce  black  tar  heroin  is  a  cruder,  shortcut  version  of  the  metood  used  to 
produce  the  traditkmal  Mexican  brown  powder.^  Typically,  Mexican  black  tar 
heroin  is  a  hydrochloride  salt  and  is  irqected.^ 


^Foratedinialdeacr^ptkmofdwcanvcr>ianpoon8nfiertoCooper(19e9).  For  a  discussion 
oriented  toward  the  avenge  layperson,  tee  Krivandc  (1988),  pp.  106-106. 

^.S.  Department  trfjustioe;  (1986). 

^5.  Depaitmertt  of  Justice,  (1991),  p.  1. 

^Many  oontaminaitts,  like  plant  by-products,  are  not  removed,  indicating  inadequate  filtering 
methods  attd  laboratory  conditions.  U5.  Oepartrnent  of  Justice  (1986),  p.  5. 

^Domestic  Madtor  Program,  U.S  Department  of  Justice,  DEA,  Office  of  intdiigenoe,  July  1992,  p. 
85.  Blade  tar  heroin  is  typiodly  high  in  purity,  brown  to  Mack  in  color,  and  stid^  like  roofing  tar  or 
hardlikeooaL  See  OomMtkAkmttor  Program,  U5.  Department  of  Justice,  DEA,  Office  of  Intdl^ence, 
October  1992,  p.  39.  At  the  street  level,  a  gram  of  tar  heroin  with  an  avenge  p^ty  of  40  percent  sdd 
for  $150  to  a  few  years  ago.  By  oontnst,  a  gram  of  Mexican  brown  or  SoufiwM  Asian  heroin 

with  an  average  purity  of  17  percent  went  tor  $80  to  $450,  and  a  gram  of  Soudnvest  Asian  heroin  wittt 
an  average  pitoty  of  10  pero^  strid  for  $80  to  $450.  See  US.  Department  of  Justice  (1991),  pp.  21-K. 
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Who  Does  What? 

There  are  three  major  illicit  opium  production  regions:  the  Golden  Triangle 
countries  of  Southeast  Asia  (Burma,  Thailand,  and  Laos),  dw  Golden  Crescent 
countries  of  Soudiwest  Asia  (Pakistan,  Af^ianistan,  and  Iran),  and  Mexico.  As 
Figure  2.1  illustrates,  the  countries  of  Southeast  A.«ia  (SEA)  are  the  major 
producers  of  opium,  especially  since  the  mid-1980s,  having  supplanted  the 
Southwest  Asian  (SWA)  producers.^ 

The  percentage  distribution  for  the  largest  producing  countries  in  1991  is 
presented  in  Fig.  2.2.  The  1991  opium  production  estimates  (in  metric  terns)  for 
Burma,  Afghanistan,  Iran,  and  Laos  accounted  for  jtist  over  90  percent  of  the 
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Figure  Z1 — ^The  World's  Three  Fdndpal  Opium  Producing  Regions 


^TheK  data  an  bam  vaikme^oasol  eye  bttOTiaiioMl  Narcotics  CmtnlSlrtt^  Report 
(ISCSR).  There  is  considersble  uncertainty  icgsrding  them  production  estiinstes.  Acouding  to  the 
1991 JNCSR,  the  most  reliable  data  are  for  die  number  of  hectares  under  cultivation,  because  these 
data  can  be  odlectedduough  satellite  recoimaissance.  Unfortunatdy,  crop  yidds  and  conversion 
factors  in  the  production  process  are  subject  to  many  varUrles  for  whidi  there  is  little  or  no 
infonnation.  Consequently,  theae  factors  are  difficult  to  estimate  witti  precision.  For  a  discussion  of 
file  methodology,  see  Appendix  D  or  die  INCSR,  Mardi  1991, 1^.  7-8. 
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world's  illicit  opium.^  In  addition  to  die  countries  already  mentioned,  odier 
producing  countries  iiKlude  Lebancm,  Guatemala,  and  Colombia.^ 

Heroin  production  does  not  necessarily  ocau:  solely  in  the  country  dtat  cultivates 
the  opium.  For  example,  while  Burma  produces  most  of  d>e  world's  opium, 
much  is  sent  to  Malaysia  and  Thailand  for  furdier  refinement.  Moreover,  a  lot  of 
heroin  production  has  been  moved  from  other  Asian  countries  to  Laos,  where  die 
authorities  are  less  vigorous  in  their  attempts  to  eliminate  heroin  refinement 
Other  significant  producers  of  illicit  heroin  reside  in  India  and  Turkey,  countries 
diat  have  substantial  licit  opium  cultivation  and  die  technical  sophistication  for 
converting  it  to  morphine  or  heroin.  Several  countries  serve  as  important 
transshipment  points  as  the  heroin  moves  from  Asia  to  the  world's  markets; 
diese  countries  include  Hong  Kong,  Malaysia,  Nepal,  Nigeria,  Philippines, 
Sngapore,  and  Turkey.  Table  2.1  lists  the  countries  involved  in  dw  heroin  trade 
and  briefly  summarizes  dieir  major  roles. 


^INCSR,  March  1992,  p.  28.  India  is  die  worid's  maiw  producer  of  lidt  opium  for 
pharmaceutical  purposes. 

%he  opium  poppy  plant  is  not  native  to  Cotombia,  tnit  in  early  1991,  Colooibian  govemnwnt 
officials  discovered  several  hectares  of  poppy  under  cultivation.  lnMayl991,tliefir8tG>lcnil>ia- 
grown  hetmn  was  seized  in  the  United  Slates  at  New  York's  Kennedy  Intonational  Airport  by 
Customs  officials.  SeeTreasterOamury  14,1992),p.  AID. 
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Table  2.1 

niidt  Heroin  Trade  Countries  at  a  Glance 


Country 

Prirruuy  Roles 

Cultivaticm 

Eradicatitm 

Opiate  Use 

Afghanistan 

Cultivation, 

processing* 

Illegal 

None 

Uitknown 

Burma 

Cultivation, 

processing 

Illegal** 

No  aerial 
spraying 

50,000  to 

150,000* 

Coloinbia 

Cultivatum, 

processing 

Qlegal 

Yes 

Low 

Guatemala 

Cultivatkm 

Illegal 

Yes 

Low*! 

Hong  Kong 

Transit* 

Nortt 

N.A. 

lOmeteric 

tons/year 

India 

Cultivation, 

processing, 

transit 

Legal' 

Yes 

5  million  users 

Iran 

Cultivation, 

processing, 

transit 

Illegal 

(unlmown 

hectares) 

Unknown 

2  millitm  users 

Laos 

Cultivatum, 

processings 

Illegal 

Minimal 

Widespread 

Lebanon 

Cultivation, 

transit 

Illegal 

Minimal 

Unknown 

Malaysia 

Processing,^ 

transit^ 

None 

N.A. 

Wide^read 

Mexico 

Cultivation, 

processing) 

Illegal 

Yes 

Low** 

Nepal 

Trarrsi^ 

Ntme 

N.A. 

25,000  users 

Nigeria 

Transit 

None 

Nj^. 

Rising 

Pakistan 

Cultivation, 

processing,*" 

transit 

Illegal 

Yes 

Hi^" 

Philippines 

Transit 

None 

NJL 

Low 

Singapore 

Trarrsit" 

None 

Nj\. 

Unknown 

Syria 

Prooessing,P 

transit 

None 

NJL 

Unknown 

Thailand 

Cultivation, 

prooessing,^ 

transit* 

Illegal 

Yes 

High" 

Turkey 

Processing,* 

transit* 

Legal 

N.A. 

Low 
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Tabic  2.1 — ctmtinucd 

^Then  have  been  icports  of  a  movement  of  hetoin  labs  from  Pakistan  to  A^hanistan  because  of 
the  Pakistan  govcmment's  efforts  to  find  and  destroy  heroin  labs  on  its  territory. 

hOphim  cultivatfon  is  illegal  in  Burma,  but  it  is  believed  that  the  Burmese  government  gives 
tadt  approval  to  drug  pioductian. 

Ihete  are  an  estimaledSO/lOO  to  ISO/XlOdn^  addicts  in  Burma.  Most  of  these  are  addicted  to 
opiates. 

^Mexican  and  Guatemalan  nationals  consume  practically  no  opium,  morphine,  or  heroirL 

*Hong  Kong  is  a  nu^^r  traitsit  point  for  Southeut  Asian  heroin  bouttd  for  the  United  States  and 
Omada. 

hhere  is  believed  to  be  illicit  heroin  productimt  from  illegal  diversion  of  legally  produced 
opium. 

Blaos  is  a  major  refiner  of  opium  into  heroin.  In  fact,  because  of  pressure  in  other  countries, 
many  refining  operations  have  ttioved  to  Laos  because  the  aufitorities  do  not  seek  atul  destroy 
laboratories  with  the  same  vigor. 

^'A  lot  of  Burmese  opiates  ate  sent  to  Malaysia  for  conversion  at  heroin  tefitteries  akmg  the 

Thailand*Malaysia  border. 

'Malaysia  is  a  significant  site  for  the  imputation,  processing,  and  trafficking  of  Southeast  Asian 
heroin. 

iMost  of  the  opium  grown  in  Guatensala  is  shipped  to  Mexico,  where  it  is  processed  mto  heroin. 

^‘Ncpal  is  ittcreaaingly  becoming  a  transit  point  for  hetoin  smuggling.  Heroin  moves  overiattd 
from  Burma  to  NqMl  via  India. 

^Nigeria  is  assuming  an  incteasin^y  important  role  as  a  transshipment  point  Nigerian 
traffickers  usually  receive  fiteir  hermn  in  Pakistan  or  Thailand,  but  sonte  comes  from  India  as  wdL 

“^Ihe  traditional  outlets  for  drugs  produced  in  Af^ianistan  are  Pakistan  and  Iran.  Usually.the 
raw  opium  is  moved  to  Pridsto  whm  it  is  processed. 

"Thailand  and  Pakistan  are  ttuni^t  to  be  net  importers  of  opium/heroin  to  meet  the  needs  of 
their  opiate  addicts.  There  are  an  estimated  260/X)0  to  1  million  opium  addicts  in  Pakistan. 

"A  considerable  amount  of  Burmese  heroin  is  believed  to  travel  fiuou^  Singapore. 

Pit  is  believed  that  much  of  fite  opium  grown  in  Lebanon  is  sharped  to  Syria,  where  it  is 
processed  into  herom. 

*^lost  of  fite  opium  grown  in  Burma  is  nK>ved  to  Thailand  for  refinement  Also,  some  mmphine 
base  is  moved  from  Burma  to  Thailand  to  be  processed  into  heroin. 

'Thailarrd  is  the  trujor  route  for  fiie  Grdden  Triangle  countries  to  move  their  heroin  to  world 
markets. 

^Turkey  has  several  refiners  along  its  border  with  Iran  fiwt  process  Iranian  opiates. 

Turkey  is  a  mi^  transshqnnent  country  for  Southwest  Asian  heroin  to  Europe. 
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The  DEA's  Heroin  Signature  Progranr  (HSP)*°  offers  some  insight  into  which 
countries  are  the  major  suppliers  of  heroin  to  the  United  States.^  ^  The  HSP  data 
illustrated  in  Figure  2.3  show  the  increasing  share  of  SEA  heroin  in  the  United 
States.  In  1991, 21  percent  of  the  exhibits  were  of  Mexican  origin,  21  percent 
Southwest  Asian,  and  58  percent  Southe<ist  Asian. 


Q  I . iiii  I  I.  I  . I'  I  i-i  'I  --I-  . . . ..I  I  ir-i  1 . .  I 

77  78  79  80  81  82  83  84  85  86  87  88  89  90  91 

Year 


Figure  23— Heroin  Availability  in  the  United  States  by  Source  Region 


^^hhe  DBA  attempts  to  identify  the  source  region  of  heroin  in  the  United  Slates  nith  the  Heroin 
Sgnature  Program.  A  dwmkal  analysis  is  perfmmed  on  seized  and  purchased  heroin  to  identify 
selected  heroin  characteristics  and  seooiKiaryamstituents.  Heroin  exhibits  are  then  classified 
according  to  die  henm  production  process,  which  is  generally  unique  to  the  source  regkm.  Basedon 
the  exhibits  analyzed,  percentages  of  the  total  U3.  supply  are  assigned  to  eidier  SEA,  SWA,  or  MEX. 
There  is,  unfortunately,  no  assessment  of  how  representative  these  samples  are  of  die  total  amount  of 
heroin  coming  into  the  United  Slates.  Abo,  one  should  be  aware  that  HSP  percentages  most 
fcequendydM  are  based  on  (AenKmferiysafiipbezfnKts.  The  DBA  performs  a  similar  calculation 
weighted  by  sampte  size.  The  percentages  can  be  Mrikingiydifferemi^iien  calculated  on  the  basb  of 
wei^t  For  example,  the  published  HSP  percentages  ba^  on  the  number  of  samples  for  1991  are  58 
percent  SEA,  21  percent  SWA,  and  21  perwt  MEX.  When  diese  percentages  are  recalculated  on  die 
basb  of  the  wei^t  of  the  samples,  die  percentages  change  drastically  to  88  percent  SEA,  9  percent 
SWA,  and  3  percent  MEX  There  b  no  a  priori  reason  to  eqiect  that  one  method  b  a  better 
representation  of  reality.  In  all  our  dbeussiems  of  the  HSP,  we  use  the  percentages  derived  from  die 
number  of  samples,  bemuse  diese  are  the  most  commonly  died  percentages. 

^^It  has  been  estimated  that  roughly  8  percent  of  die  wc^'s  illidt  opute  consumption  occurs  in 
the  United  States.  See  ONDCP  (1992).  Tlie  estimated  breakdown,  whidib  open  to  d^te,  has  Ask 
and  the  Pacific  consuming  72  percent,  Europe  18  percent.  United  States  6  per^t,  and  4  percent  to 
odier  regions  or  countries. 

l^seeBOTECAnalysb  Corporation  (1992),  Appendix  A,  Table  22.  The  1991  data  were  obtained 
from  DEA  personnel  in  Washington,  D.C 
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Uncertainty  on  Producing  Estimates 

Considerable  uncertainty  surrounds  many  of  the  estimates  on  opium  and  heroin 
production.  The  sources  of  some  of  the  data  are  subject  to  bias,  and  there  are 
numerous  gaps  in  the  information.  The  most  basic  estimate,  the  number  of 
hectares  under  cultivation,  is  probably  the  most  reliable,  since  this  estimate  can 
be  obtained  through  aerial  and  satellite  surveillance.  However,  serious  problems 
are  associated  with  the  estimating  procedure  after  this  point. 

The  United  States  depends  heavily  on  the  governments  of  the  opium/heroin 
producing  coimtries  for  eradication  and  seizure  data,  and  these  numbers  caimot 
be  wholly  accepted.  For  example,  the  U.S.  government  relies  on  the  Government 
of  Biuma  (GOB)  for  eradication  and  seizure  data,^^  but  it  also  views  the  GOB  as 
closely  associated  with  drug  producers  and  traffickers.^^  In  addition  to  the 
difficulties  of  potentially  biased  data,  basic  data  do  not  even  exist  for  some 
countries. 

For  instance,  there  are  no  eradication  data  for  Af^umistan  and  hardly  any  data 
on  Iran.  Moreover,  it  is  generally  acknowledged  that  opium  consumption  is 
extremely  high  in  many  of  the  producing  countries  like  Laos,  Pakistan,  nnd  Iran. 
Yet  neither  the  INCSR  or  the  NNICC  offer  estimates  on  how  mucli  opium  or 
heroin  is  consumed  in  these  coimtries.  Also,  no  attempt  is  made  to  ascertain  the 
value  of  conversion  factors  at  the  intermediate  production  steps,  and  so  the 
estimated  values  for  heroin  (Nos.  3  and  4)  subsume  estimated  conversion  factors 
for  morphine  base  (No.  1)  and  heroin  base  (No.  2).  All  of  this  highlights  the 
difficulty  of  deriving  solid  estimates  on  basic  factors  of  the  heroin  trade. 

In  the  face  of  this  uncertainty,  a  certain  arbitrariness  begins  to  creep  into  the 
estimating  process.  This  subjectivity  is  illustrated  with  the  estimated  amount  of 
opium  that  is  lost  during  the  production  process.  For  many  countries,  no 
estimate  is  offered.  For  some  countries,  like  Thailand,  a  constant  10-percent 
factor  is  applied;  for  others,  a  variable  factor  is  applied.  For  instance,  Burma's 
loss  factor  ranges  from  8.9  to  12.3  percent  The  rationale  behind  these  loss  factors 
is  not  apparent,  and  the  factors  appear  to  be  somewhat  arbitrary. 


^^The  "data  on  eradication,  seizures,  labs  destroyed,  and  arrests  reflect  official  GOB 
(Government  of  Bunna)  statistics . . . ,"  INCSR,  1992,  p.  259. 

^^The  Burmese  "government's  political  and  military  accoiiunodations  with  various  ethnic 
insurgent  and  traffickii^  groups,  su^  as  the  Wa  and  Kokang,  apparently  preclude  any  GOB 
security/military  actions  against  poppy  cultivatiorr,  heroin  production,  arnl  narcotics  trafficking  in 
the  areas  under  the  groups'  control."  ^  INCSR,  1992,  p.  36. 
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Tableau 

A  Comparison  of  Opium  Production  Estimates  for  1989 


Burma 

Laos 

Thailand 

Mexico 

Afghanistan 

Iran 

Pakistan 

Lebanon 

NNICC  2,175-3,075 

300-460 

40-58 

85 

460-710 

200-400 

110-150 

35-50 

INCSR  2,430 

210-310 

50 

66 

585 

200 

130 

45 

DEA  na. 

n.a. 

n^. 

OA. 

700-800 

oa. 

n^. 

aa. 

NOTE:  All  numbers  represent  metric  tons.  The  DEA  citation  can  be  fouird  in  The  NNICC 
Report,  1989,  p.  49. 


This  general  uncertainty  is  evident  in  the  opium  production  estimates  illustrated 
in  Table  22.  The  NNICC  offers  a  wide  range  of  values,  with  the  t)rpical  high 
estimate  around  50  percent  higher  than  the  low  NNICC  estimate.  Moreover, 
even  within  the  NNICC  there  are  disagreements,  such  as  that  over  the  data  for 
Afghanistan  in  1989.  The  official  NNICC  estimate  on  opium  production  is  460  to 
710  metric  tons,  but  DEA,  the  lead  agency  within  the  NNICC,  estimates  700  to 
800  metric  tons.  Amidst  this  apparent  uncertainty,  the  INCSR  estimate  is 
frequently  between  the  NNICC's  hig^  and  low  estimates. 

There  are  also  revisions  from  year  to  year  in  opium  production  estimates.  For 
example,  the  1989  INCSR  reports  Laotian  opium  production  in  1988  and  1989  as 
210  to  300  metric  tons  for  both  years  (with  no  estimate  of  hectares).  However,  in 
the  1992  INCSR,  the  opium  production  estimates  for  1988  and  1989  are  361  and 
375  metric  tons,  respectively  (with  hectares  [ha]  in  production  reported  to  be 
40,400  and  42,130).  Likewise,  a  range  of  23  to  33  metric  tons  is  ottered  by  the 
INCSR  in  1989  for  Thailand's  1988  production.  The  1992  INCSR  report  indicates 
that  Thetiland's  1988  production  was  28  metric  tons — the  average  of  the  earlier 
range.  Sometimes  these  ditterences  are  explained  in  terms  of  newer  data  or 
information.  For  example,  the  1992  INCSR  states  tiiat  a  study  done  in  Thailand 
from  December  1991  to  February  1932  revealed  that  Thai  opium  3deld  is  28 
percent  lower  than  previously  believed  (11.6  kg/ha  versus  16  kg/ha)  and  that  the 
same  might  be  true  of  Burma's  opium  production.  This  also  occurred  in  1989, 
when  Pakistan's  yield  was  revised  upward  from  150  to  205  metric  tons  in  lig^t  of 
new  data,  but  sometimes  dumges  eue  made  with  no  explanatioiu^^ 

This  discussion  has  hig^ghted  many  inconsistencies  and  uncertainties 
associated  with  basic  factors  of  the  heroin  system.  Under  tiiese  circumstances, 
fundamental  estimates,  such  as  the  amoimt  produced,  the  amoimt  consumed  in 
country,  the  quantity  lost  during  production,  or  the  amoimt  shipped  to  the 
United  States,  are  suspect. 


^%ee  Reuter  and  Ronfeldt  (1992)  for  a  discussion  of  dumges  in  the  estimates  of  Mexican  opium 
production. 
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3.  Overview  of  the  System  Description 


RAND  has  developed  a  series  of  computer-based  spreadsheets  to  model  die 
heroin  production  process  described  in  die  previous  section.  We  label  diese 
spreadsheets,  in  the  aggregate,  a  sjrstem  description,  and  diis  section  provides  a 
general  overview.  The  system  descripti<ni  consists  of  four  related  spreadsheets, 
which  togedier  can  serve  both  as  a  database  and  an  analytical  tool.  We  designed 
flexibility  into  the  system  descriptiai  so  analysts  can  easily  substitute  data  or 
modify  assumpticms  while  preserving  die  integrity  of  the  system. 


Components  of  the  System  Description 

While  the  specifics  of  the  drug  industries  can  vary,  each  industry  follows  the 
same  overall  pattern,  which  provides  dw  basis  of  our  system  description.  Figure 
3.1  describes  die  pattern  and  compares  it  with  our  system  description 
components. 


Pattern  Modeled 


Cultivation  - 

Intemationai  ^ 

boundary  \ 

Processing/ 

manufacture 

Processing/ 

manufacture 


I 


Transshipment 


Intemationai 

boundary 


Transshipment 


I 


intemationai 

boundary 


*Marker  country 


■UMMUMl-om 


Components  of 
System  Description 


Figure  3.1— Pattern  of  Drug  Flow  Compared  to  System  Description 
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The  various  activities  or  functions  can  be  characterized  as  production, 
international  transportation,  and  domestic  distributicai.  For  convenience,  each  of 
these  activities  has  a  separate  spreadsheet  devoted  to  it 

Four  computer-based  spreadsheets  form  the  system  descripticm  for  heroin.^  The 
first  is  a  database,  primarily  of  production-related  data  (from  1985  to  1991)  ttut  is 
Uitked  to  the  spreadsheets  and  can  provide  foe  iiutial  ccmditions.^  Each  record  of 
foe  database  provides  data  on  a  country's  low  and  hig^  values  for  a  variety  of 
production  estimates.  These  data  are  taken  fr(»n  foe  open  literature,  primarily 
foe  INCSR  aitd  foe  NNICC  reports. 

Three  system  spreadsheets  mirror  the  categories  of  activities  noted  above: 
Production,  International  Transportation,  and  U.S.  Distribution.  These 
spreadsheets  model  the  flow  of  heroin  tirroug^  the  entire  system  for  one  year  at  a 
time;  an  extract  from  the  database  spreadsheet  can  provide  the  initial  conditions 
for  a  given  year,  or  foe  arudyst  can  substitute  otiiers.  The  diagram  on  foe  rig^t 
side  of  Figure  3.1  provides  a  schenutic  of  the  spreadsheet  structure. 

In  spite  of  foe  data  uncertainties  we  have  discussed,  we  have  tried  to  create  a 
very  comprehensive  system  framework,  primarily  because  dirierent  users  may 
have  access  to  and  confidence  in  data  about  different  parts  of  foe  system,  and  to 
allow  for  as  comprehensive  accounting  as  possible.  It  is  not  necessary  to  supply 
data  for  every  parameter  in  the  modeL  (Appendix  C  provides  more  detail  for  foe 
user.) 

Production  Spreadsheet 

The  production  spreadsheet  begins  with  an  estimate  of  cultivated  area  and  ends 
with  an  estimate  of  foe  amount  of  heroin  ready  for  shipment  to  foe  world's 
markets.  It  builds  an  estimate  of  heroin  production  using  parameters  for  each 
stage  in  foe  heroin  manufacturing  process  and  for  each  participating  (or  source) 
country .3  Losses  due  to  seizures,  consumption,  or  any  other  reason  are 
accounted  for,  as  well  as  transfers  of  intermediate  products  between  processing 
cotmtries. 


^The  software  is  Microsoft  Excel,  and  die  model  can  be  made  available  for  either  PC  or 
Macintosh  hardware. 

^The  examples  in  this  section  are  based  on  1991  data. 

Conversion  parameters  mostly  depend  on  where  the  opium  is  grown,  since  this  is  largely  what 
determines  its  diemical  composition.  For  this  reason,  the  model  keeps  an  account  of  where  die 
intermediate  product  originated. 


19 


Embedded  graphs  show  the  gross  and  xwt  production  for  each  producer  country 
at  each  stage  of  the  manufacturing  process.  Figure  3.2  is  an  example  of  a 
summary  graph  diat  displays  each  country's  "market  share"  for  each  stage  of  the 
production  process.  For  example,  Burma  produces  most  of  die  world's  opium 
but  ships  much  of  it  to  neig^iboring  Thailand  aiul  Laos  to  be  processed  into 
heroin  and  exported  to  die  world's  markets.  Meanwhile,  Pakistan,  widi  an  es¬ 
timated  1.06  million  heroin  addicts,  has  dw  bulk  of  the  processed  heroin.^ 

International  Transportation  Spreadsheet 

The  international  transportation  spreaddieet  covers  a  larger  part  of  the  system 
dum  any  of  die  odier  spreadsheets.  It  takes  the  amount  of  heroin  ready  for 
export  from  die  production  spreadsheet  and  generates  an  estimate  of  die  amount 
successfully  smuggled  into  the  United  States  according  to  user-determined 


Figure  3.2 — Processing  and  Movement:  Country  Shares  for  Selected  Countries 


%ee  INCSR,  1992,  p.  248.  By  comparison,  Burma  is  estimated  to  have  34,000  opium  addicts  and 
12,000  heroin  addicts  (p.  257),  and  Thailand  is  estimated  to  have  up  to  132,000  heroin  addicts  (p.  305). 
Anodier  estimate  places  Thailand's  heroin  addicts  at  100,000  to  150/100  (US.  Congress,  House  of 
Representatives,  1989,  p.  99). 
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transshifnnent  parameters.  It  comprises  four  different  matrices  that 
systenuitically  divide  d\e  volume  of  heroin  frmn  producer  to  transit  countries, 
and  then  subdivide  into  other  matrices  dtat  allocate  the  hercm  to  dte  world's 
markets,^  and  then  to  U.S.  regirms  by  transportation  mode.  Mmeover,  there  is 
the  capability  to  remove  heroin  from  die  system  either  because  of  foreign 
seizures  or  domestic  seizures  at  the  point  of  entry  into  die  United  States.  Again, 
built-in  graphs,  such  as  Figure  33,  provide  a  variety  of  summary  information. 

One  matrix  takes  die  drug  from  die  producer  countries  and  distributes  it  to  die 
shipping  countries.  For  example,  much  of  the  heroin  produced  in  Southeast  Asia 
is  shipped  through  Thailand  and  Malaysia.  Four  different  transshipment 
matrices  in  the  heroin  international  transportation  spreadsheet  allow  the  user  to 
transfer  the  world's  estimated  heroin  production  horn  country  to  country.  A 
second  matrix  takes  die  drug  from  die  shipping  countries  and  distributes  it  to  the 
world's  markets,  including  die  United  States.  After  foreign  seizures  are  removed 
horn  die  system,  a  third  matrix  is  provided  diat  allows  the  user  to  distribute  die 
drug  among  the  United  States  entry  regirms. 


Central  East  East  Central  West 
Figure  33 — ^Estimated  Distribution  of  Heroin  Smuggling  by  U.S.  Entry  Region 


have  included  storage  as  a  'maricet''  from  which  product  can  be  made  available  for  a  later 

year. 
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At  this  point  in  the  system  descripti<Hv  the  United  States  has  been  divided  into 
six  regions  (see  Appendix  A  for  a  list  of  the  states  in  each  regim).  The  sources  of 
hercm  vary  among  die  regions,  as  do  the  primary  transportation  modes. 

Another  matrix  defines  die  drug  flow  by  transportaticm  modes:  private  or 
cmnmerdal  land,  sea,  or  air.  Thus,  die  spread^ieet  shows,  for  example,  that  in 
1991,  the  West  is  estimated  to  have  received  mudi  of  its  heroin  from  commercial 
sea,  while  the  Northeast  gets  most  of  its  heroin  via  commercial  air.  Thefinal 
matrix  operating  in  this  spreadsheet  accounts  for  those  drug;5  seized  at  die  U.S. 
borders. 

At  various  points  in  the  system,  the  analyst  can  compare  model  outputs  with 
exogenously  produced  estimates  in  which  die  analyst  may  have  hi^iier 
confidence.  For  exan^le,  die  model  keeps  a  running  tabulation  of  the  source  of 
die  United  States'  herc^  and  so  it  is  possible  to  determine  die  relative 
percentages  received  from  Soudieast  Asia,  Southwest  Asia,  and  Mexico.  This  in- 
formatimi  can,  in  turn,  be  con^Mued  with  estimates  like  the  DEA's  Heroin 
Signature  Program  data  or  estimates  (rf  die  relative  percentage  of  the  world  illicit 
opiate  (opium,  morphine,  and  heroin)  consumption  between  the  world's 
markets.^  To  assist  with  these  comparisons,  die  model  produces  estimates  from 
die  production  spreadsheet  and  die  intematicmal  transportation  spreadsheet  in  a 
separate  summary  spreadsheet^ 


U.S.  Distribution  Spreadsheet 

The  final  spreadsheet  tracks  the  domestic  distribution  of  drugs.  It  begins  witii 
the  amount  successfully  smuggled  into  eadi  of  the  US.  entry  regicms  and  ends 
widi  an  estimate  of  die  total  number  of  users  in  die  United  States.  As  with  all  of 
the  spreadsheets,  die  analyst  can  substitute  odier  estimates.  A  matrix  is  provided 
so  the  user  can  make  interregional  transfers  and  subtract  losses— owing  eidier  to 
domestic  law  enforcement  or  odier  removals  or  inventory  losses.  Then,  depend¬ 
ing  on  what  die  analyst  determines  to  be  typical  consumption  and  purity  levels, 
anestimateisgeneratedof  the  number  of  users.  This  estimate  can  tiien  be 
compared  to  the  estimate  from  the  National  Housdiold  Survey  on  Drug  Abuse, 
allowing  the  analyst  to  calibrate  the  model  in  yet  another  fashion. 


^See  ONDCP  (1992).  The  estinuted  breikdown,  which  is  (^pen  to  debate,  has  Asia/Pacific 
consuming  72  percent,  Europe  18  percent.  United  States  6  percent,  and  4  percent  to  odier 
regions/countiies. 

^The  percentages  are  presented  in  a  summary  spreadsheet,  which  really  represents  a  fifth  model 
spreadsheet  However,  dim  are  no  data  input  requirements  for  this  spreadsheet;  it  simply 
consolidates  into  one  screen  selected  information  from  the  odier  spreadsheets  for  convenience. 
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Limitations 

The  system  description's  limitatians  ^  into  two  categwies.  First,  the  system 
description  is  analytic  It  is  a  descriptimt  and  takes  behavior  as  given.  Second,  it 
rests  on  incomplete  and  often  questionable  data.  Of  course,  this  same  weakness 
makes  die  systems  approadi  useful,  aiul  irwleed,  iwcessary. 

From  an  analytic  perspective,  the  hamewoiic  is  not  adaptive.  By  itself,  it  cannot 
provide  information  on  how  the  system  mig^t  respond  to  policy  dunces  or 
strategies.  For  instaiKe,  suppose  an  arudyst  is  interested  in  what  impact  a  50 
percent  reduction  in  Burma's  opium  production  would  have  on  die  level  of 
heroin  entering  the  United  States.  The  analyst  can  amply  cut  Burma's  c^ium 
production  in  half  and  see  how  mudi  is  entering  die  Uruted  States.  However, 
this  assumes  that  Burmese  (and  other)  traffickers  bdiave  similarly  regardless  of 
die  level  of  production,  when  it  is  quite  likdy  diat  they  bdiave  differendy.  If  the 
analyst  assumes  diat,  for  example,  5  percent  of  Burma's  opiates  are  shipped  to 
die  United  States,  it  is  not  necessarily  die  case  diat  5  percent  of  die  crop  will  be 
shipped  to  die  United  States  after  production  has  been  reduced  by  50  percent  It 
is  perhaps  just  as  likely  diat  markets  closer  to  hone  (and  hence  easier  to  supply) 
wdl  be  supplied  first  and  mrne  distant  markets  (e.g.,  Canada  and  die  United 
States)  second.  So,  die  percentage  shqiped  to  the  United  States  probably  interacts 
widi  Burma's  total  production.  By  itself,  die  model  does  not  take  into  account 
diese  possible  interactions.  Instead,  it  is  the  responsibility  of  the  user  to  be 
cognizant  of  diem.  However,  die  model  can  incorporate  findings  fiom  economic 
and/or  behavioral  models  of  particular  sectors  and  show  a  first  approximation  of 
die  systemwide  efiect  of  policies  directed  at  those  sectors. 

Also,  die  framework  generally  models  drug  flows  in  only  one  direction — from 
production  dirough  consumption.  This  means  if  an  analyst  overrides  die  data  in, 
for  example,  die  intemationrd  transportation  spreadsheet,  die  model  will  show 
the  downstream  implications  of  die  analyst's  estimates  (Le.,  die  amount  entering 
die  United  States  and  distributed  in  the  United  States)  but  will  not  automatically 
show  die  upstream  changes  in  production  or  processing  estimates  required  to  be 
consistent  with  the  analyst's  data.  However,  diese  types  of  problems  can  be 
explored  by  using  Excel's  Goalseeker  or  Solver  function,  allowing  the  user  to 
derive  upstream  estimates  that  would  be  consistent  widi  changes  in  downstream 
data,  albeit  at  a  more  aggregate  level  of  detail 

Finally,  the  model  does  not  cunendy  incorporate  precursor  chemicals  as  raw 
materials,  althou^  this  could  be  derived  exogenously  by  the  anal^t  It  also 
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estiniates  only  d<miestic  labor  in  the  U.S.  Distribution  spreadsheet;  it  does  not 
estimate  labor  in  the  ottier  stages  of  the  system.  Again,  it  is  certaiiUy  possible  to 
add  labor  as  an  input  for  other  sectors. 
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4.  Applications  for  the  System  Description 


Hie  system  description  has  at  least  three  distinct,  but  related,  uses:  iiiq>roving 
die  estimation  process,  sensitivity  analysis,  and  planning  and  assessment 

Improving  Estimation 

Hie  inconsistency  of  production  and  consumption  estimates  has  become  a  seri¬ 
ous  issue  for  pcdkymakers.  Basic  disagreemoits  about  blether  die  drug 
problem  is  in^iroving  or  deteriorating  would  be  at  least  partially  resolved  if  it 
were  possible  to  link  indicators  from  different  parts  of  die  system.  The  system 
descr^’^ion  forces  consistency,  which  is  not  to  be  confused  widi  accuracy  or 
validity,  on  the  estimation  process. 

The  difficulty  of  determining  the  amount  erf  heroin  entering  the  United  States  is 
aggravated  by  die  fiKrt  that,  ostensibly,  only  a  small  percentage  of  the  worid's 
production  is  consumed  in  die  United  States.^  Most  estimates  of  annual  U5. 
heroin  cemsumptian  reside  in  the  range  of  6  to  9  metric  tons,^  but  some  have 
suggested  hig^  munbers.^  The  estimate  derived  fiom  the  model  described  in 
diis  report,  which  is  based  on  our  best  efiorts  to  interpret  die  available  data,  is  7.8 
metric  tons.  However,  it  is  <]uite  possible  diat  die  actual  number  is  substantially 
higher.  For  example,  assuming  die  Heroin  Signature  Program  percentages  of 
regional  source  are  generally  correct  (with  Mexican  heroin  constituting  21 
percent  of  the  U5.  market),  and  die  Mexican  (and  Guatemalan)  production  is  5.2 
metric  tons  (with  all  of  it  shipped  to  the  United  States),  this  dien  implies  that 
approximately  25  metric  tons  ate  shipped  to  the  United  States.  Obviously,  25 
metric  tons  is  significantiy  higher  than  6  to  9  metric  tons. 

This  example  illustrates  how  die  model  can  be  used  to  help  evaluate  such  issues 
by  substituting  an  alternative  estimate  and  dien  evaluating  the  new  estimate  in 


^One  published  estimate  has  the  United  Stales  consuming  6  percent  of  the  world's  (vwtes.  See 
ONDCP(1992). 

^See,  for  example,  Sunett  (1968)  and  ONDCP  (1991),  pp.  15-16. 

3ln  an  interview  in  June  1992,  an  CM4DCP  official  indicated  that  his  unofficial  guess  was  between 
20  and  30  metric  tons.  Also,  see  Hamill  and  Cooley,  (1990).  They  estimate  that  there  are  close  to  one 
millkm  heroin  addicts  in  the  United  States.  Some  beUeve  diet  9  metric  tons  of  herenn  are  inadequate 
to  meet  the  demand  of  this  many  addicts. 
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terms  of  its  pertiuiNiticm  of  ttie  system.^  For  exaii^>]e,  if  ttie  current  value  of  7.8 
metric  terns  is  substituted  widi  25  metric  tons,  the  estimated  numbo*  of  users 
itKreases  from  686,000  to  2,321XX)0 — a  rather  large  number  c(Hi^>ared  to  the 
frequently  dted  estimates  of  500X)00  to  1  million  users.  If  we  have  hig^ 
confidence  in  this  range,  what  ofiier  dtanges  would  we  have  to  make  to  arrive 
wifitin  fiiat  range  of  the  number  of  users  and  still  accept  fite  25-metric  t(x\  figure? 
If  we  uKtease  average  aimual  consumption  firom  0fi39  kg  aimually  to  0.073  kg 
annually  (an  increase  oi  103  percent),^  the  estimated  numbo^of  users  fidls  to 
1,1414XX),  whidt  approadies  file  higfi  end  of  fiiat  range.  Increasmg  average 
purity  levels  by  50  percent,  from  30  percent  pure  to  45  percent  pure  (whidi  is  a 
huge  increase,  considering  that  die  average  purity  on  fiw  national  level  was 
about  27  percent  in  1991)^  decreases  file  estimated  number  of  users  to  761,000 
users— nearer  the  fiequendy  dted  500,000  to  1,000,000  range.  Rgure  4.1  reflects 
these  dumges.  The  analyst  must  decide  if  diese  dianges  are  substantively 
acceptable.  If  diese  dumges  are  difficult  to  support  either  individually  or 
cumulatively,  dwn  it  is  problematic  to  accept  the  25Hnetric  ton  estimate. 
Conversely,  accepting  a  higfier  estimate  of  die  number  of  users  requires  less 
dramatic  changes  in  other  paramete'-^  The  analyst  must  dedde  which 
parameters  he  or  she  has  the  highest  amfidence  in  and  widi  whidi  odier 
parameters  must  be  condstenu 


are  not  suggesting  that  any  particular  estimate  is  more  onract  than  any  other.  Weare 
advocating  an  analytical  structure  for  imposing  a  consistency  on  various  system  estimates.  Weotier 
tile  example  of  tile  Heroin  Signature  Program  bteatuse  its  percentages  suggest  that  an  extremely  high 
quantity  of  heroin  is  being  hnportod  into  the  United  States. 

^The  1992 INCSR  estimates  that  hentin  addicts  in  Thailand  consume  0.2  g  daily,  ndiidi  is  0.073 
kgantttially.  This  estinaate  was  generated  by  IhailarMi's  Office  of  Narcotics  Control  Board  (CTICB). 

In  Abt  Associates  (1991),  it  is  esforutod  tiut  33  mg  are  consumed  per  day  (if  6  metric  tons  are 
consumed  by  500,000  users),  which  is  0.012  kg  anmialty.  Discussions  with  a  DEA  agent  reveal  that 
itumy  heavy  users  can  consume  between  60 90  mg  per  day,  frtiich  is  about  0.033  kg  annually. 
Except  for  the  Thai  estimate,  tiieotirer  rentiers  are  consistent  with  the  estimates  drawn  up  in  the 
early  1980s  by  the  Client  Oriented  Data  Acquisition  Process  (CODAP).  Three  dasses  of  users  are 
identified— small,  medium,  and  large— and  tiieir  average  daily  consumption  of  heroin  is  estimated  to 
bel0mg,28mg,and87mgperday,respectivriy.  When  wei^ted  by  I^A's  estimate  of  the 
percentage  of  the  user  population  in  each  categr^,  this  results  in  an  average  consumption  level  of 
about  40  mg  per  day  (abenit  0.015  kg  annually).  See  National  Narcotics  Intdligence  Consumers 
Committee  (19B1),  p.  99.  The  average  of  the  Thai  estimate  (0.012),  the  OTA  agent  estinute  (0i)33),  and 
the  Abt  Associates  estirtute  (0.012)  is  0.0393  kilognins  per  year.  If  the  wdghted  CODAP  estimate 
(0.015)  is  foctored  into  tiiis,  the  average  decreases  to  0.0333  per  year.  The  inodd  is  currently  set  at 
0.039,  but  the  user  can  dia^  this  to  another  value. 

^  1991, 560 'exhibits'’ were  analyzed  by  tile  DEA  in  its  Domestic  Monitor  Program  (lA^P). 

The  purity  of  tiiese  exhibits  averaged  26.6  perextd,  with  a  low  of  0.7  percent  and  a  tu^  of  %.6 
peremt  See  Domestic  Monitor  Pn^rm:  An  AnnuiU  Report  on  the  Soune  Areas,  Cost,  aid  Purity  ofRetoB- 
Level  Heroin,  1991,  U£.  Department  of  Justice,  Drug  Enforcement  Administration,  Office  of 
Intelligence,  July  1992.  The  DMP  is  a  retail-level  hooin  purchase  program  desigrted  to  provide 
federal,  state,  arid  local  law  eitforcement  with  intelligence  on  hen^  purity,  price,  and  geographic 
source  areas.  The  DMP  normally  collects  heroin  samples  in  major  metropolitan  areas:  Atbinta, 
Boston,  Chicago,  Dallas,  Denver,  Detroit,  Houston,  Lc»  Angeles,  Miami,  Newark.  New  Orleans,  New 
York,  Philadelphia,  Phoenix,  San  Diego,  San  FiaiKisco,  Seattle,  %  Louis,  and  Washington,  D.C. 
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AVG  consumption  AVG  purity 

Figure  4.1— Accommodating  25  Metric  Tons  of  Heroin:  Required 
Changes  to  Selected  Panunetcce 


Sensitivity  Analysis 

Given  ttie  limitations  of  available  data,  ate  of  the  most  important  contributions 
of  die  model,  aside  feom  imposing  a  logical  or  conditional  framework  on 
disparate  sources  of  information,  is  the  ability  to  analyze  parameter  sensitivity 
easily.  For  instance.  Table  4.1  illustrates  die  percentage  diange  in  die  duee 
output  measures  for  a  50-percent  increase  in  selected  parameter  values. 

Even  from  this  limited  analysis,  one  can  see  diat  changes  in  some  parameters 
have  a  much  greater  impact  on  the  system  dian  changes  in  odier  parameters. 
This  informatiem  can  be  useful  for,  among  odier  diings,  allocating  intelligence 
resources.  Seeing,  for  example,  diat  die  estimated  number  of  users  in  die  United 
States  is  increased  by  over  70  percent  when  die  parameter  for  Burmese  metric 
tons  of  opium  per  hectare  is  changed  by  50  percent  highlights  die  importance  of 
getting  this  estimate  correct  By  comparis<xi,  Laotian  opium  consumption  and 
foreign  seizures  have  a  comparatively  sxruUl  impact  on  the  outcome  measures. 

Analytic  resources  need  to  be  allocated  where  they  will  produce  the  greatest 
returns.  Resources  mi^t  be  focused  on  die  most  uncertain  p2uamefers  that 
sensitivity  analysis  has  diown  to  be  critical  in  die  determination  of  the  flow  of 
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Tabic  4.1 

Sample  Parameter  Senaitivity  Analyais 


Parameters  Increased 

Gross  Supply  of 
Heroin* 

Heroin  Sent 
totheUS.* 

Estimated 
Number  erf 
Users* 

Opiiun  per  hectare  (metric 
hms) 

Burma 

78.1 

51.1 

71.1 

Afghanistan 

18.7 

10.1 

13.0 

Mexico 

1.4 

213 

28.6 

Eradication  area  (hectares) 

Burma 

-03 

-03 

-0.4 

A^hanistan 

ao 

0.0 

0.0 

Mexico 

-Z4 

-37.0 

-483 

Laos  opium  consunqition 

-10 

-13 

-23 

(metric  tons) 

Foreign  seizures 

tta. 

-1.4 

-5.7 

U5.  border  seizures 

n4L 

na. 

-153 

Drug  purity 

lUL 

na. 

-333 

Annu^  oonsunqition 

njL 

na. 

-335 

*Pefcentage  change  for  a  50-peroait  ifiaease  in  parameter  vahie. 


heroin  to  the  United  States,  although  it  is  also  essential  to  consider  the  cost  of 
attaining  a  given  percentage  reduction  in  tiie  parameter  uncertainty. 

Furthermore,  to  ensure  that  resources  are  allocated  in  a  cost-effective  feshion,  it 
would  be  useful  to  compare  current  resource  allocaticms  widi  ttie  results  of  a 
sensitiAuty  analysis  similar  to  the  illustrative  analysis  in  Table  4.1.  If  inordinate 
resources  are  being  spent  cm  determining  die  "correct"  value  of  a  parameter  diat 
a  sensitivity  atudysis  has  showm  to  be  relatively  unimportant,  an  alternative 
allocation  could  be  justified. 


Planning  and  Assessment 

A  munber  of  programmatic  and  anal)rtic  piuposes  can  be  served  by  tracking 
regional  flows.  For  instance,  this  can  help  die  analyst  pay  attention  to  die 
consequences  of  an  increase  or  decrease  in  production  on  die  flows  of  trafiic 
along  different  routes.  For  example.  Figure  4.2  shows  the  estimated  percentage 
increase  in  commercial  air  drug  flow  by  region  when  bodi  the  Burma  and  Mexico 
opium  (metric  tons)  per  hectare  paraowters  are  increased  by  25  percent.  One  can 
see  radically  different  implications  for  planning  and  assessment  depending  upon 
changes  (25  percent)  in  production  estimates,  and  die  implications  are  different 
depending  upon  the  producing  country.  Of  course,  this  example  assumes  that 
only  the  production  estimate,  and  not  the  distribution  pattern,  is  changed. 
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Figure  4.2--Estiiiutcd  Percentage  Increase  in  Drug  Flow  by  Commercial  Air 
When  Opium  (Metric  Toru)  per  Hectare  Is  Increased  by  25  Percent 


However,  one  could  also  easily  examine  the  implications  of  a  change  in 
distribution  pattern  on  the  average  number  of  aircraft,  boats,  or  vehicles  needed 
to  smuggle  drugs  into  the  "new"  region  of  choice. 

The  system  also  keeps  a  running  total  of  which  countries  (and  therefore  which 
regions  of  the  world)  are  supplying  dte  Uiuted  States  with  heroin.  The  model's 
current  estbnate  of  supply  by  region  contrasts  sharply  wittn  the  reported 
percentages  from  the  DEA's  Heroin  Signature  P’rogram.  The  model's  regional 
percentages  for  U.S.  heroin  suppliers  are  36.1  percent  from  Soudieast  Asia,  9.9 
percent  from  Southwest  Asia,  and  54  perc^t  from  Mexico.  The  HSP  estimates 
suggest  very  different  percentages — 58  percent  for  Souttieast  Asia,  21  percent  for 
Southwest  Asia  and  21  percent  for  Mexico. 

Many  policymakers  have  noted  foe  increased  production  of  opium  and  heroin  in 
Southeast  Asia  and  that  region's  increasing  share  of  foe  U.S.  market,  as  measured 
by  foe  HSP.  Most  of  foe  SEA  heroin  is  likely  entering  through  the  Northeast 
region  of  foe  United  States,  while  most  of  the  Mexican  heroin  enters  through  the 
western  regions.  If  plarming  is  currently  predicated  on  foe  assumption  that  most 
heroin  in  foe  United  States  is  from  SEA,  it  is  probable  that  most  resources 
devoted  to  stenuning  foe  flow  of  heroin  are  concentrated  in  foe  Norfoeast 
However,  if,  as  foe  model  suggests,  more  heroin  is  coming  from  Mexico,  more 
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heroin  might  be  entering  through  the  western  regions.  Therefore,  more 
enforcement  resources  should  be  allocated  to  those  regions. 

Finally,  this  framework  may  serve  as  a  useful  tool  for  better  integration  of 
strategic  intelligence  estimates  between  law  enforcemoit  agencies  and  the 
military,  or  at  least  for  facilitating  a  dialogue.  The  military  has  a  long  history  of 
gathering  and  using  long-term,  strategic  intelligence  and  has  a  much  greater 
techiucal  collection  and  fusion  capacity  dian  does  domestic  law  enforcement. 
There  is  a  natural  tension  between  die  more  short-term  and  reactive  enforcement 
agencies  and  the  strategically  oriented  military.  The  system  description  may 
help  the  two  sides  develop  a  common  strategic  focus  and  language  of  criminal 
methods  and  infrastructure. 
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5.  Conclusions 


The  United  States  has  ccmunitted  substantud  resources  to  stemming  the  flow  of 
illegal  drugs  into  the  United  States,  yet  considerable  uncertainty  surrounds  flw 
basic  outlines  of  the  heroin  (and  other  drug)  system.  This  situation  is 
understandable,  given  that  flie  production  and  trafficking  of  narcotics  are  usually 
conducted  in  secrecy.  This  also  makes  it  extremely  difficult  to  evaluate  the 
accuracy  of  basic  factors  regarding  the  heroin  trade.  Neverflieless,  if 
policymakers,  law  enforcement  agencies,  and  analysts  are  to  promulgate, 
execute,  arul  evaluate  effective  responses  to  flie  drug  problem,  flie  basic  outlines 
of  flie  drug  system  need  to  be  understood  more  fully. 

The  model  described  in  this  report  has  at  least  fluee  distinct,  but  related,  uses 
that  can  facilitate  a  more  informed  resp<mse  to  the  heroin  trade.  First,  it  can  be 
used  to  improve  the  estiiiuitiai  process.  Many  estimates  are  published  in  flie 
public  domain  with  little  or  no  substantive  explanation  of  how  they  are  derived. 
This  exacerbates  the  problem  of  evaluating  the  accuracy  of  many  bask  estimates 
OR  the  heroin  system.  This  model,  however,  can  be  used  to  evaluate  these  esti¬ 
mates  by  examining  their  perturbation  on  flie  system  and  asking  whether  fliese 
perturbations  are  sensible.  This  technique  can  be  especially  eflective  if  flie 
analyst  has  relatively  high  certainty  about  some  estimates  fliat  can  be  used  as 
"constraints"  on  the  system.  Second,  the  model  can  be  used  to  perform  sen¬ 
sitivity  analysis.  Since  there  is  imcertainty  about  many  of  flie  estimates,  knowing 
which  have  the  greatest  impact  on  flie  s)rstem  can  twlp  guide  flie  allocation  of 
intelligence  and  analytic  resources  aimed  at  reducing  imcertainty.  Third,  the 
model  can  be  a  tool  for  more  effective  planning  and  assessment  It  can  help 
planners  think  in  terms  of  a  strategk  framework,  by  linking  assumptions  on 
production  in  Southeast  Asia  to  heroin  flows  in  the  United  States. 
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Appendix 

A.  U.S.  Region  Definitions 

Hie  U.S.  regions  below  are  used  by  drug  ccmtrol  agencies  in  tracking  die 
movement  and  concentration  of  drugs.  Table  A.1  shows  die  regiorud 
compositions. 


Table  A.1 

Regional  Definidona 


NORTHEAST 

SOUTHCENTRAL 

NORTH  CENTRAL 

Connecticut 

Alabama 

Colorado 

Delaware 

Arkansas 

Idaho 

Maine 

Louisiana 

Illinois 

Massachusetts 

Mississippi 

Indiana 

Maryland 

Tennessee 

Iowa 

New  Hampshire 

Kansas 

New  Jersey 

SOUTHWEST 

Kentucky 

New  York 

Arizona 

Michigan 

Pennsylvania 

New  Mexico 

Minnesota 

Rhode  Island 

Oklahoma 

Missouri 

Vennont 

Texas 

Montana 

Nd>raska 

SOUTHEAST 

WEST 

North  Dakota 

District  of  Colombia 

California 

Ohio 

Florida 

Nevada 

Soudi  Dakota 

Georgia 

Oregon 

Utah 

North  Carolina 

Washington 

Wisconsin 

South  Carolixui 

Wyoming 

Puerto  Rico 

Virgin  Islands 

Virginia 

West  Virginia 

B.  For  the  Usen  More  Detail  About  the 
Spreadsheet  System 


The  Spreadsheets 

A  schematic  of  the  spreadsheet  organization  is  shown  in  Figure  B.l,  where  the 
linkages  are  denoted  by  lines.  Because  die  data  are  sparse,  the  database 
spreadsheets  represented  with  shaded  lines  do  not  exist;  they  are  ncmetheless 
included  in  the  figure  for  conceptual  accuracy.  The  data  contained  in  these 
spreadsheets  come  primarily  from  die  International  Narcotics  Control  Strategy 
Report  (INCSR),  the  National  Narcotics  Intelligence  Consumers  Committee  Report 
(NNICC),  DEA  reports,  congressional  hearings,  and  odier  publicly  available 
sources.  The  production-related  database  contains  data  over  several  years,  but 
the  system  spread^eets  model  die  quantities  and  flows  of  drug  for  one  year  at 


Figure  B.1 — Spreadsheet  Schematic 
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time.  After  describing  the  spreadsheets  in  greater  detail,  this  appendix  provides 
some  general  guidelines  for  using  the  model 


Database  Spreadsheet 

The  first  spreadsheet  is  the  database  and  is  die  starting  point  for  die  model;  it 
provides  the  initial  conditions  for  the  production  spreadsheet  The  user  can  also 
substitute  his  or  her  own  data.  This  spreadsheet,  schematically  displayed  in 
Figure  B2,  includes  a  glossary  of  terms,  die  database,  a  "criteria"  range  and  a 
"data  extract"  range,  which  is  linked  to  the  next  spreadsheet^ 

Each  record  in  die  database  is  a  specific  combination  of  country,  year,  source 
refermce,  and  reference  low  or  high  value.  Table  B.1  shows  a  selection  of 
observaticms.  Column  A  contains  the  country,  column  B  die  year,  and  column  C 
the  source  reference.^  For  each  observation,  over  25  data  elements  (fields)  can  be 
tracked.  Table  B.2  shows  the  list  of  data  elements  and  their  definitions 
reproduced  from  the  glossary  in  die  database  spreadsheet 


IMBDWIilinTW 


GJossaiy 


Data 

(1985-1989) 


Criteria  range 


Extract  range 
(linked) 


Figure  B.2 — ^Database  Spreadsheet  Outline 


^These  are  spreadsheet  terms.  The  criteria  range  is  where  the  user  defines  what  data  he  or  she 
wants  to  extract  from  the  database;  for  instance,  ail  observations  for  Mexico  from  1985-1991.  The 
extract  raitge  is  where  the  subset  of  data  defined  in  the  criteria  range  is  displayed. 

^The  source  reference  numbers  are  coded  to  specific  reports  identified  on  the  qtreadsheet 
Sources  that  are  used  in  a  more  limited  way  are  itvduded  in  the  other  spreadsheets  as  notes  bdiind 
dte  relevant  data  cdl(8). 
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Table  B.1 

Nodonal  Obeervalion  Fomut 


A 

B 

C 

Coontzy 

Tear 

Rsfaraaoa 

Burma 

1991 

[2]  Low 

Burma 

1991 

[2]  High 

Thailand 

1991 

[2]  Low 

Thailand 

1991 

[2]  High 

Laos 

1991 

[2]  Low 

Laos 

1991 

[2]  High 

NOTE:  backeted  figures  Q  refer  to  specific  source,  e.g.,INCSR. 

Hie  last  two  areas  in  the  database  spreadsheet  are  devoted  to  defining  and 
extracting  data  from  ttie  database  for  use  afiier  in  die  system  spreadsheets  or  for 
summary  statistics.^  These  areas  are  p<uiially  reproduced  in  Table  B3.  The  criteria 
range  is  where  ttie  user  enters  the  desired  characteristics  of  observations  to  be 
extracted.  In  our  example,  we  have  requested  observations  for  1991  and  die  low 
value  for  reference  2  (which  is  the  INCSR,  March  1992).  By  using  die  Excel  data 
extract  command,  observations  that  meet  die  criteria  are  then  placed  in  die  data 
extract  range.  It  is  die  extract  range  that  is  linked  to  the  Production  spreadsheet 
This  is  the  form  of  the  criteria  request  d^t  should  be  used  if  the  user  wants  die 
extracted  data  to  be  used  by  the  system  spreadsheets,  aldioug^  any  combinatimi  of 
year  and  reference  may  be  used.  Odierwise,  if  die  user  wants  to  use  the  database 
exclusively,  many  creative  combinations  of  criteria  can  be  applied. 


Production  Spreadsheet 

The  first  system  spreadsheet  is  the  production  spreadsheet  This  spreadsheet 
begins  widi  the  cultivatUxi  of  the  necessary  raw  material  and  works  through  each 
of  the  intermediate  products,  where  applicable.  It  also  tracks  interregional 
transfers  of  intermediate  product  The  production  spreadsheet  concludes  widi 
the  amount  of  heroin  that  is  ready  for  export  to  various  markets.  Data  are 
presented  on 

•  hectares  of  opium  cultivated 

•  productivity  factors 

•  loss  factors  (including  consumption,  in-country  seizures,  and  other  losses) 

•  intermediate  product  transportation  routes  and  quantities. 


database  can  provide  an  analyst  wifii  summary  statislks  about  the  data.  For  instance,  the 
DAVERAGE  function  can  be  used  to  find  the  average  cultivation  area  for  all  the  observations  in  the 
database. 
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Tabic 

Cultivation  and  CoavenloB  Facton:  Heroin 


Glosaaxy 
Variable  Neune 

Units  of  Measure 

Explanation 

OPIUMYIBLDHT 

metric  tons /hectare 

Amount  of  raw  opium  (in  mt)  per 
cultivated  hectare 

OPIUMYIELOKg 

kg/hectare 

Amount  of  raw  opium  (in  kg)  per 
cultivated  hecteure 

RO_2_MB 

kg  raw  opium/ 1  kg 
morphine  base 

Raw  opium  to  morphine  base 
conversion  factor 

MB_2_HB 

kg  morphine  base/ 

1  kg  heroin  base 

Morphine  base  to  heroin  base 
conversion  factor 

HB_2_Heroin 

kg  heroin  base/ 

1  kg  heroin 

Heroin  base  to  heroin 
conversion  factor 

RO_2_Heroin 

kg  raw  opium/ 

1  kg  heroin 

Raw  opium  to  heroin  conversion 
factor 

CULTIVAREA 

hectares 

Cultivation  area 

ERADAREA 

hectares 

Eradication  area 

NETCULTIVAREA 

hectaures 

Net  cultivation  area  (after 
eradication) 

OPIUMHARVEST 

metri<  tons 

(Cultivation  minus  eradication) 
times  yield 

OPIUMCONSUMD 

metric  tons 

Opium  consumed  in  country 

OPIUMSEIZD 

metric  tons 

Opium  seized  in  country 

OPIUMLOST 

metric  tons 

Other  opiiiffi  losses  in  country 

OPIUMEXPORTED 

metric  tons 

Opium  exported 

NETOPIOM 

metric  tons 

Opium  harvest  minus  the  three 
loss  categories 

GROSSMB 

metric  tons 

NETOPIUM/  RO_2_MB 

HBCONSUMD 

metric  tons 

Morphine  base  consumed  in 
country 

MBSEIZD 

metric  tons 

Morphine  loase  seized  in  country 

MBLOST 

metric  tons 

Other  morphine  base  losses  in 
country 

NETMB 

metric  tons 

Gross  morphine  base  minus  the 
three  loss  categories 

GROSSHB 

metric  tons 

NETMB /MB_2_HB 

HBCONSUMD 

metric  tons 

Heroin  base  consumed  in  country 

HBSEIZD 

metric  tons 

Heroin  base  seized  in  country 

HBLOST 

metric  tons 

Other  heroin  base  losses  in 
country 

NETHB 

metric  tons 

Gross  heroin  base  minus  the 
three  loss  categories 

GROSSHEROIN 

metric  tons 

NETHB/HB_2_HER0IN 

HEROINCONSUMD 

metric  tons 

Heroin  consiimed  in  country 

HEROINLOST 

metric  tons 

Other  heroin  losses  in  country 

HEROINXPORT 

metric  tons 

Heroin  available  for  export 

Table  B3 
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The  general  procedure  followed  in  diis  spreadsheet  is  to  calculate  ttte  gross 
intermediate  product,  subtract  losses,  transfer  die  intermediate  product,  dien 
process  it  to  the  next  stage  (or  intermediate  product).^  Almost  all  data  elements 
in  diis  spreadsheet  are  linked  to  die  previous  Database  spreadsheet  However, 
they  can  be  easily  overridden  if  alternative  data  are  available. 

Table  B.4  is  a  repiesentatum  of  die  spreadsheet  for  the  initial  calculaticHi — 
harvested  area.  It  begins  with  cultivated  areas  for  die  principal  opium 
producers,^  subtracts  losses  due  to  eradkation  or  other  reasons  (e.g.,  fields  1^ 
fallow),  and  yields  the  harvested  area.  Factors  for  opium  yields  per  hectare  dien 
appear,  and  the  mult^lication  takes  us  to  die  second  stage— opium.  In  this  illus¬ 
tration  of  1991  data,  Burma  cultivated  an  estimated  161/)12  hectares  of  opium  in 
1991  and  a  small  percentage,  about  tme-half  of  1  percent,  was  eradicated  (1,012). 
On  average,  in  1991,  one  hectare  yielded  15  kg  (or  0.015  metric  tons)  of  opium,  so 
about  2,350  metric  tons  of  opium  were  available  for  further  processing.  Looking 
to  the  next  stage,  we  see  diat  this  is  the  amount  widi  which  Burma  begins. 

Table  BA 

Prodoctum  Spicadshccfc  Hist  Stage — Cultivatfim/Piodnction 


CULTIVATED 

CULTIVATED 

HECTARES 

HECTARES 

OPIUM  YIELD 

BEFORE 

ERAD 

OTHER 

AFTER 

FACTORS 

LOSSES 

AREA 

LOSS 

LOSSES 

(Calculated) 

BUKMA 

161,012 

1,012 

0 

160,000 

0.015 

THAILAND 

4,200 

1,200 

0 

3,000 

0.012 

LAOS 

29,625 

0 

0 

29,625 

0.009 

AFGHANISTAN 

17,190 

0 

0 

17,190 

0.033 

PAKISTAN 

8,645 

440 

0 

8,205 

0.022 

IRAN 

0 

0 

0 

0 

#DIV/0! 

MEXICO 

10,310 

6,545 

0 

3,765 

0.011 

GUATEMALA 

1,721 

576 

0 

1,145 

0.015 

LEBANON 

3,400 

0 

0 

3,400 

0.010 

TOTAL 

236,103 

9,773 

0 

226,330 

^The  implicit  anumption  is  that  the  losses  are  of  iiKountiy  produced  goods. 

^Note  that  Colombia  is  not  yet  included  in  the  modd.  This  is  because  opium  cultivation  in 
Colombia  is  a  recent  phenomenoa  An  analyst  can  remedy  this,  as  a  dwit-term  solution,  by 
combining,  for  example,  Guatemala  and  Medcan  estimates,  and  then  adding  Colombia's  data  to  die 
positions  previously  occupied  by  Guatemala. 
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As  can  be  seen  in  Table  R5,  Bunna  has  a  calculated  gross  opium  supply  of  2350 
metric  tons.^  At  this  point,  losses  from  iiv<ountry  CMisumption,  seizures,  or 
other  (e.g.,  spoilage,  inventory  shrinkage)  ate  subtracted  from  gross  opium  yield. 
The  fourth  column  is  provided  to  allow  the  user  to  subtract  even  more  than 
specified  in  ttie  various  published  accounts.  An  additional  900  metric  tons  of 
opium  were  subtracted  from  the  Burmese  production,  because  the  INCSR 
estimate  of  150  metric  tons  was  deemed  to  be  insufficient  based  cm  interviews 
with  DEA  personneL^  The  itet  opium  yield  either  is  transferred  to  other 
countries  <x  remains  in  ttie  country  for  further  processing. 

Figure  B3  illustrates  the  transfer  and  convetsum  of  the  intermediate  product.  In 
diis  case,  foe  opium  is  transferred  to  other  countries  for  processing. 


Table 

Productian  Spreadsheet:  Second  Stage — Opium 


(1) 

- Minus - 

(2) 

Opium  Before 

Opium 

Opium 

Opitjun 

Additional 

Opium 

Losses  and 
Transfers 

User 

Deter-  Calcu- 
mined  lated 

Consumed  Seized 

Other 

Loss 

User 

Specified 

Losses 

After 

Losses 

BURMA 

#N/A 

2350.0 

150 

1.2 

278 

900 

1020.8 

THAILAND 

#N/A 

35.0 

29 

0.6 

5 

0 

0.4 

LAOS 

#N/A 

265.0 

0 

0.2 

0 

120 

144.8 

AFGHANISTAN 

#N/A 

570.0 

0 

0.0 

0 

425 

145.0 

PAKISTAN 

#N/A 

180.0 

0 

0.0 

0 

120 

60,0 

IRAN 

200 

200.0 

0 

0.0 

0 

130 

70,0 

MEXICO 

#N/A 

41.0 

0 

0.1 

0 

0 

40.9 

GUATE3tALA 

#N/A 

17.2 

0 

0.0 

0 

0 

17.2 

LEBANON 

#N/A 

34.0 

0 

0.0 

0 

0 

34.0 

TOTAL 

3,692 

179 

2 

283 

1,695 

1,533 

^Alternatively,  the  user  can  determine  the  amount  of  opium  production  and  input  that  amount 
in  the  colunui  listed  as  sudu  This  was  done  for  Iran  because  there  are  no  published  estimates  of  the 
cultivated  hectares,  only  gross  opium  production  (200  metric  tons). 

"note”  is  placed  behind  the  Excel  cell  that  explains  the  justification  for  the  parameter 
estimate. 


Figufc  B.3— TniufcRing  and  Converting  Intennediate  Product 
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Regarding  Bunnese  (^ium,  45  percent  is  shipped  to  Thailand,  25  percent  to  Laos, 
and  8  percent  to  Mala3r5ia  to  be  processed  into  nu»phine  base.^  One  can  see  how 
the  opium  is  redistributed  to  countries  other  dian  diose  that  produced  die  opium, 
widt  some  shipped  to  India,  Malaysia,  Syria,  and  Turkey  for  further  processing. 
After  die  opium  has  been  redistributed,  Burma  now  has  225  metric  tons  of  opium 
instead  of  nearly  2,400  metric  tons.  These  new  totals  are  reflected  under  die  large 
matrix  labeled  OPIUM  AFTER  LOSSES  AND  TRANSFERS.  Thisc^iumis 
converted  to  morphine  base  using  the  country-specific  conversion  factors,  and 
die  same  uKountry  consumptum,  seizures,  odier  losses,  and  transfer,  that 
conversion  to  die  next  product  is  continued.^  The  model  keeps  a  running  total  of 
die  intermediate  or  final  product's  originating-country  opium.  For  example,  cme 
can  see  diat  of  the  opium  being  held  by  Laos,  63.8  percent  was  grown  in  Burma 
and  36.2  in  Laos.  Ultimately,  at  die  final  stage,  we  can  view  die  percentage 
distribution  of  opium  source  country  for  each  country's  supply  of  heroin.  This  is 
useful  for  at  least  two  reasmis. 

First,  it  is  useful  for  creating  "pooled  conversion  factors"  during  the  intermediate 
product  stages.  In  effect,  sinoe  die  conversicm  fector  is  determined  to  a  large 
extent  by  the  location  of  opium  cultivation,  the  model  pools  the  sources  of  each 
processing  country's  opium  and  adjusts  the  conversion  factor  to  reflect  its 
proportion  of  the  total  For  example,  Laos's  conversion  factor  is  9.8,  which  is  9.8 
kg  of  opium  to  produce  1  kg  of  morphine  base,  and  Burma's  is  10.7.  However, 
when  die  opium  is  converted  to  morphine  base,  the  model  notes  that  63.8  percent 
of  Laos's  opium  was  grown  in  Burma  (.638  *  10.7  =  6.83)  and  362  percent  was 
grown  in  Laos  (.362  *  9.8  =  3.55).  It  dien  pools  the  products  of  diese  calculaticms 
(6.83  +  3.55)  to  derive  the  "pooled  conversion  factor"  used  to  convert  Laos' 
opium  to  morphine  base,  which  is  10.4. 

The  second  useful  purpose  becomes  apparent  in  the  next  spreadsheet,  the 
international  transportation  spreadsheet,  where  an  analyst  mig^t  like  to  identify 
the  regional  source  of  the  UJ5.  heroin  supply.  Without  diis  tracking  mechanism, 
it  would  be  nearly  impossible  for  the  analyst  to  disentangle  the  various  sources 
of  heroin  after  it  has  been  shipped,  and  shipped  again,  through  the  many 
transshipment  matrices  as  it  makes  its  way  to  the  world's  markets. 


^These  estimated  potentages  are  based  on  publicly  available  sources  that  discuss  tiie  important 
role  played  by  Thailand  and  Mi^ysia  as  processors  of  Burmese  opium. 

%here  are  a  total  of  three  sets  of  matrices  like  tiie  one  pictured  in  HgureB3.  The  first,  as  shown 
here,  is  the  transfer  and  conversion  of  opium  to  morphine  base.  The  seo^  sequence  has  the 
morphine  base  being  comrerted  to  heroin  base,  and  the  third  has  the  heroin  base  transformed  into 
usable  hermn. 
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Intemational  Transportation 

This  spreadsheet  begins  witti  final  product  ready  for  export  from  die  Producticm 
spreadsheet  just  described  and  estimates  the  amount  diat  is  successfully 
smugg^  into  die  United  States.  Simply,  as  die  sdiematk  in  Figure  B.4  shows,  it 
is  a  series  of  ir^t  matrices  that  systematically  divides  the  drug  volume  from 
producer  countries,  to  sh4>lfing  countries,  to  markets,  to  US.  legions,  and  finally 
to  US.  regions  and  transportation  modes.  This  spreadsheet  contains  die 
following  estimates: 

•  The  amount  transiting  eadi  smuggler  country 

•  The  amount  exported  to  markets  other  than  the  United  States 

•  The  amount  coming  into  die  United  States 

•  The  amount,  net  of  seizures,  diat  makes  it  into  the  United  States  by  region 
and  transportation  mode. 

Table  B.6  shows  the  amount  of  heroin  ready  for  export  to  die  world's  markets, 
and  Table  B.7  shows  its  source  distribution  (as  explained  in  the  section  on  the 


Inputs  Outputs 


Figure  B.4 — Intemational  Transportation  Spreadsheet  A  Schematic  Representation 
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Tabic  B.6 

Estimate  of  Herain  Ready  for  the  World's  Mariuts 


Heroin  From 
•HEROPROO* 

(in  metric  tons) 
(1) 

Inventory 

Storage 

(2) 

Alternative 

Inputs 

(3) 

Burma 

10.5 

0.0 

*N/A 

Thaileuid 

4.8 

0.0 

•N/A 

Iiaos 

7.7 

0.0 

#N/A 

Afghanistan 

1.8 

0.0 

*N/A 

Pakistan 

0.0 

0.0 

•N/A 

Iran 

0.6 

0.0 

#N/A 

Mexico 

5.5 

0.0 

#N/A 

Guatemala 

0.2 

0.0 

•M/A 

Lebanon 

1.6 

0.0 

•N/A 

India 

0.0 

0.0 

•N/A 

Malaysia 

7.7 

0.0 

•N/A 

Syria 

4.9 

0.0 

•N/A 

Turkey 

4.3 

0.0 

•M/A 

Total 

49.5 

0.0 

•N/A 

Productian  spreadsheet).  An  estimated  495  metric  tons  of  heroin  are  ready  for 
export  to  the  world's  markets. 

There  are  four  transsh^’ment  matrices,  widt  die  first  one  shown  in  Table  B5.  The 
four  matrices  allow  the  user  to  transship  several  times,  but  only  once  is  necessary 
for  dte  model 

After  the  transshipments  have  occurred,  dw  next  matrix  (Tabte  2  in  the 
Intematiorud  Transportatum  spreadsheet)  distributes  die  drug  to  die  markets. 
Table  B.9  is  a  representation  of  this  matrix— a  sample  of  shipping  coimtries  are 
listed  in  the  left-hand  column  and  die  markets  are  identified  across  the  top  row. 
The  United  States  and  Canada  are  identified  separately;  all  odier  markets  are 
denoted  by  continent  We  have  included  an  additional  "market" — storage — 
which  can  hold  die  product  for  distribution  in  a  later  year.^^  Below  each 
shipping  country  listed  in  the  left-hand  column  is  a  figure  representing  the 
metric  tons  of  heroin  ready  for  shipment  to  market  The  user  can  enter  die 
percentage  of  this  amount  diat  is  distributed  to  each  market,  and  die  computer 

simplkity,  we  have  provided  one  storage  point;  conceptually,  there  could  be  storage  at 
most  stages  of  the  production  process. 
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Tabic  B.9 

Shipping  Heroin  to  the  Worid's  Maricets 


FROM: 

S.E. 

Asia/ 

Canada  Pacific 

Europe/ 

Mid 

East 

To 

Storage 

Unknown 

Dest. 

To 

Other 

Market 

Amount 

to 

U.S. 

Alt. 

Amount 

to  U.S. 

MEXICO 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0% 

100% 

#N/A 

5.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.7 

#N/A 

GUATEMALA 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0% 

100% 

#N/A 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

#N/A 

TURKEY 

0.0% 

0.0% 

100.0% 

0.0% 

0.0% 

100% 

0% 

«N/A 

2.5 

0.0 

0.0 

2.5 

0.0 

0.0 

2.5 

0.0 

«N/A 

NIGERIA 

0.0% 

0.0% 

50.0% 

0.0% 

0.0% 

50% 

50% 

#N/A 

5.2 

0.0 

0.0 

2.6 

0.0 

0.0 

2.6 

2.6 

*N/A 

TOTALS 

1.5 

19.4 

18.1 

0.0 

0.0 

39.0 

10.5 

*N/A 

SEA/ 

Canada  Pacific 
3.0%  39.3% 

EUR/ME 

36.6% 

Storage 

0.0% 

Unknown 

0.0% 

Sub¬ 

total 

U.S. 

21.2% 

Alt .  to 
U.S. 

will  calculate  the  metric  tannage  directly  below  the  input  value.  For  example, 
according  to  our  calculations  for  1991,  Mexico  had  5.7  metric  tons  of  heroin  to 
smuggle,  of  which  100  percent  was  shipped  to  United  States.^^  On  die  odier 
hand,  Nigeria's  heroin  is  distributed  equally  between  die  two  markets  of 
Europe/Mid-East  and  the  United  States.^  The  source  or  ratiortale  for  the  100 
percent  estimate  is  included  in  a  note  "behind"  the  cell,  and,  in  this  example,  is 
an  estimate  based  on  the  Drug  Enforcement  Agency  (DEA)  smuggling  routes 
nup  (1989)  and  die  INCSR  (1992)  and  other  miscellaneous  information.^^ 
Altenutively,  the  user  can  simply  input  the  estimated  percentage  headed  for  die 
U.S.  market  and  ignore  the  odier  markets.  In  eidier  case,  this  matrix  estimates 
the  volume  of  drug  being  sent  to  die  United  States.  The  next  step  is  to  estimate 
how  much  is  being  smuggled  into  each  region  of  the  United  States. 

In  Table  B.IO,  the  user  must  provide  an  estimate  of  the  total  amount  of  heroin 
seized  in  foreign  locations  that  was  destined  for  the  U.S.  market.  In  this  example. 


^^The  source  distribution  table  indicates  that  of  Mexico's  5.7  metric  tons  of  heroin,  70.3 
originated  in  Mexico  and  29.7  in  Guatemala. 

^^Nigeria's  heroin  is  78.1  percent  Burmese,  10  percent  Laotian,  10.3  percent  A^han,  1.5 
Pakistani,  and  only  0.1  p>erGent  Thai 

^^The  existence  of  a  note  behind  a  cell  is  indicated  by  a  small  square  (arrow  on  the  Macintosh)  in 
the  upper  ri^t'hand  comer  of  the  cell. 
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Table  B.10 
Foreign  Seizures 


10.50  Estimated  metric  tons  headed  for  the  U.S.  market  before 
foreign  seizures. 

0.845  Estimated  metric  tons  destined  for  the  U.S.  but  seized  in 
foreign  locations. 

8.05%  Of  the  total  that  is  destined  for  U.S.  but  is  seized  in 
foreign  locations. 

9.66  Estimated  metric  tons  headed  for  the  U.S.  market  after 
foreign  seizures. 


using  illustrative  data,  about  854  kg  (or  0.845  metric  tons)  seized  in  foreign 
locations  (normally  foreign  ports)  were  deemed  to  be  destined  for  die  United 
States.  Since  it  is  not  known  where  diis  heroin  originated  (at  least  not  to  RAND), 
an  equal  proportion  is  subtracted  from  each  country's  total  to  remove  diis 
amount  from  the  system. 

The  next  input  matrix  is  patterned  very  similarly  to  the  matrix  for  distributing 
the  heroin  to  the  world's  markets,  except  in  this  case  the  heroin  is  distributed  to 
the  six  U.S.  regions.  The  smuggling  covintries  are  shown  in  the  left-hand  column 
with  the  amount  destined  for  die  U.S.  market,  and  the  regions  of  the  United 
States  ate  shown  across  the  top  row  (these  regions  are  defined  in  Appendix  A). 
The  user  has  the  option  to  enter  the  percentage  that  is  smuggled  from  each 
shipping  country  to  each  region  of  the  United  States.  The  routes  identified  in  this 
spreadsheet  were  approximated  from  a  DEA  map  of  drug  trafficking  routes.  The 
absence  of  an  entry  indicates  that  diere  is  no  route  between  the  shipping  country 
and  the  U.S.  region.^^ 

The  next  input  matrix  is  again  patterned  similarly  to  the  previous  two  matrices 
(see  Table  B.11).  It  distributes  the  drug  flow  into  each  U.S.  region  among  a 
number  of  transportation  modes; 

•  Commercial  air 

•  Commercial  sea 

•  Commercial  land 

•  Private  air 

•  Private  sea 

•  Private  land. 


^^Drug  Trafficking  Routes,  DEA  Map,  1989. 
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Table  B.11 

Heroin  Entering  U^.  Regions  by  Tiansportation  Mode 


North- 

Central 

North¬ 

east 

South¬ 

east 

South- 

Central 

South¬ 

west 

West 

Conunercial  air 

100% 

100% 

100% 

50% 

39% 

27% 

Private  air 

0% 

0% 

0% 

0% 

0% 

0% 

Commercial  land 

0% 

0% 

XXX 

XXX 

0% 

0% 

Private  land 

0% 

0% 

XXX 

XXX 

61% 

1% 

Commercial  sea 

0% 

0% 

0% 

50% 

0% 

72% 

Private  sea 

0% 

0% 

0% 

0% 

0% 

0% 

Total 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

Commercial  air  includes  passengers  cairying  illicit  drugs,  as  well  as  packaged 
drugs  contained  in  cargo.  Commercial  land  includes  tractor  trailers,  while 
private  land  includes  private  and  recreational  vdiides,  as  well  as  persons 
carrying  packages.  The  others  are  self-explanatory.  The  distribution  of  drug 
traffic  into  toese  transportation  modes  can  be  based  on  seizure  or  other  relevant 
data.  For  convenience,  illustrative  detoult  distributions  are  provided.  The 
distributions  are  specific  to  each  entry  region;  toat  is,  every  route  feeding  toe 
Southeast  United  States  wall  have  toe  same  distribution  based  on  the  seizures  in 
that  region.  (Default  values  can  be  easily  overridden.) 

The  final  input  matrix  in  toe  International  Transportation  spreadsheet  is  for 
estimates  of  seizures,  rou^y  limited  to  toose  at  U.S.  borders  (see  Table  B.12). 

Within  the  international  transportation  spreadsheet,  and  several  columns  to  toe 
rigfit  of  these  input  matrices,  are  tables  of  results.  The  first  table  shows  the 


Table  B.12 

Heroin  Seizures  by  Region  and  Transportation  Mode 


North- 

North¬ 

South¬ 

South- 

South 

Total 

Central 

east 

east 

Central 

-west 

West 

by  Mode 

Commercial  air 

0.201 

1.129 

0.016 

0.000 

0.016 

0.238 

1.5990 

Private  air 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.0000 

Commercial  land 

0.000 

0.000 

— 

— 

0.000 

0.000 

0.0000 

Private  land 

0.000 

0.000 

— 

— 

0.024 

0.008 

0.0324 

Commercial  sea 

0.000 

0.000 

0.000 

0.000 

0.000 

0.628 

0.6280 

Private  sea 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.0000 

Total 

0.201 

1.129 

0.016 

0.000 

0.040 

0.874 

2.259 

By  region 

8.9% 

50.0% 

0.7% 

0.0% 

1.8% 

38.7% 

100% 

amount  of  drug  smuggled  over  die  various  routes  to  the  United  States.  Table 
B.13  shows  a  section  of  this  table.  Each  entry  in  the  table  represents  die  estimate 
of  metric  tonnage  of  heroin  that  traveled  from  die  shipping  countries  listed  in  die 
left-hand  coluonn,  to  the  U.S.  entry  region  listed  along  the  top  row,  sorted  by 
transportation  mode.  For  example,  an  estimated  1.1  metric  tcms  traveled  from 
Mexico  to  the  West  region  of  the  United  States  by  commercial  air  in  1991. 

The  same  format  is  repeated  for  the  other  transportation  modes,  and  this 
information,  coupled  with  estimated  data  on  average  load  sizes,  can  be  used  to 
estimate  the  number  of  land,  sea,  and  air  vehicles  carrying  the  heroin  into  the 
United  States.  Finally,  various  summary  statistics  are  offered,  and  Table  B.14 
shows  some  of  diem. 

The  analyst  can  view  the  consequences  and  implications  of  his  or  her  parameters 
and  estimates  up  to  this  point  in  die  model  For  example,  45.9  percent  of  all 
heroin  is  entering  through  die  West  regicn,  followed  by  20.3  percent  in  the 
Northeast  Planners  ^ould  ask  diemselves  if  diis  conforms  to  current  planning 
and  assumptions.  Also,  regarding  die  issue  of  totals  by  source  region,  does  the 


Table  B.13 

Outpufc  Volume  of  Heroin  by  Route  and  Transpoitation  Mode 


Commercial  Air  North-  North-  South-  South-  South- 
_ Central  East  East  Central  West  West 


0.0  0.0 

0.0  0.0 


Burma 

Thailrmd 

Laos 

Afghanistan 

Pakistan 

Iran 

Mexico 

Guatemala 

Lebanon 

India 

Malaysia 

Syria 

Turkey 

Hong  Kong 

Nepal 

Nigeria 

Philippines 

Singapore 

Netherlands 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.2 

0.0 

0.0 

0.7 

1.2 

0.0 

0.0 

0.0 

0.0 

0.2 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

1.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Totals 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
1.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.0 
2.3 
0.0 
0 
0 
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Tabic  B.14 

Smamuy  Statbtiec  for  Inroiaing  Heroin  lo  the  United  Stetee 

BY  REGIC^: 

_ MC _ tre _ SE _ SC _ SV# _ West 

TOTALS  1.2  2.0  0.5  0.3  1.3  4.^ 

11.9%  20.3%  4.7%  3.6%  13.5%  45.9% 


TOTALS 

BY  TRANSPORT 

MODE: 

AIR: 

5.5 

56.57% 

coinnercial 

5.5 

56.57% 

private 

0.0 

0.00% 

LAND: 

0.8 

8.63% 

coinnercial 

0.0 

0.00% 

private 

0.8 

8.63% 

SEA: 

3.4 

34.80% 

commercial 

3.4 

34.80% 

private 

0.0 

0.00% 

TOTALS  BY 

EXPORT 

COUNTRY: 

Burma 

0.0 

0.0% 

Thailand 

0.0 

0.0% 

Laos 

0.0 

0.0% 

Afghanistem 

0.0 

0.0% 

Pakistan 

0.1 

1.0% 

Iran 

0.0 

0.0% 

Mexico 

5.2 

54.0% 

Guatemala 

0.0 

0.0% 

Lebanon 

0.0 

0.0% 

India 

0.0 

0.0% 

Malaysia 

0.0% 

Syria 

0.0 

0.0% 

Turkey 

0.0 

0.0% 

Hong  Kong 

0.9 

8.8% 

Nepal 

0.0 

0.0% 

Nigeria 

2.4 

24.9% 

Philippines 

0.1 

1.0% 

Singapore 

0.0 

0.0% 

Netherlands 

1.0 

10.3% 

TOTAL  9.7  100% 


SEA 

SWA 

MEX 

85.4% 

30.3% 

85.4% 

95.0% 

30.3% 

0.0% 

0.0% 

0.0% 

0.1% 

0.0% 

15.9% 

0.0% 

0.0% 

0.0% 

0.1% 

0.0% 

15.9% 

14.4% 

5.0% 

53.9% 

14.4% 

5.0% 

53.9% 

0.0% 

0.0% 

0.0% 

3.5 

1.0 

5.2 

TOTALS  BY 

SOURCE 

COUNTRY; 

Burma 

32.3% 

3.1 

Thailand 

0.0% 

0.0 

Mos 

3.8% 

0.4 

Afghanistan 

4.7% 

0,5 

Pakistan 

0.6% 

0.1 

Iran 

1.7% 

0.2 

Mexico 

38.0% 

3.7 

Guatemala 

16.0% 

1.5 

Lebanon 

2.9% 

0.3 

TOTAL 

100.0% 

9.7 

TOTALS  BY  SOURCE  REGICaj 

SEA 

36.1% 

3.5 

SWA 

9.8% 

1.0 

MEX 

54.0% 

5.2 

TOTAL 

100% 

9.7 

percentage  distribution  between  SEA,  SWA,  and  MEX  conform  to  the  widely 
held  belief  that  SEA  is  die  d(»ninant  supplier  of  heroin  to  die  United  States? 

U.S.  Distribution 

The  final  system  spreadsheet  (Table  B.15)  tracks  die  domestic  distributicxi  of 
heroin.  It  begins  widi  the  amount  successfully  smuggled  into  each  of  the  U5. 
entry  regions.  (Again,  while  diese  values  are  linked  to  the  previous  spreadsheet, 
they  can  be  overridden.)  A  column  is  available  to  add  domestic  piroduction  to 
die  amount  imported.  While  diis  is  not  necessarily  relevant  for  heroin,  it  is  an 
important  contribution  to  the  estimate  of  marquana  supply,  and  we  have  tried  to 
keep  the  system  descriptions  for  different  drugs  as  consistent  as  possible.  In  the 
context  of  heroin,  diis  column  could  be  used  for  another  estimate  of  storage.  This 
table  generates  an  estimate  of  the  total  amount  of  heroin  available  for  domestic 
distribution. 

The  remainder  of  diis  spreadsheet  distributes  die  drug  throughout  the  United 
States  and  calculates  die  numbers  of  individuals  in  each  of  die  drug-market 
hierarchy  levels,  based  on  estimates  of  the  supply,  purity  levels,  and  armual 
usage.  The  final  table  compares  the  estimated  user  prevalence  widi  die  National 
Institute  of  Drug  Abuse  (NIDA)  Natumal  Household  Survey  estimate.^^  There  is 
even  less  data  available  for  diis  part  of  the  system  description  dian  for  the 
production  and  international  transportation  sections,  so  almost  all  die  numbers 
shown  here  are  meant  to  be  illustrative. 


Table  B.15 

Incoming  Heroin  by  Region 


Net  of  POE 
Seizures 

Domestic 

Production 

TOTAL 

Alternate 

TOTAL 

North  Central 

0.95 

0.00 

0.95 

*N/A 

Northeast 

0.83 

0.00 

0.83 

*N/A 

Southeast 

0.44 

0.00 

0.44 

*N/A 

South  Central 

0.35 

0.00 

0.35 

»N/A 

Southwest 

1.26 

0.00 

1.26 

#N/A 

West 

3.56 

0.00 

3.56 

#N/A 

Total 

7.40 

0.00 

7.40 

#N/A 

^^Satumal  Household  Survey  on  Drug  Abuse:  Population  Estimates  1988,  U5.  Department  of  Health 
and  Human  Services,  National  Institute  on  Drug  Alnise,  19S9. 
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Figure  B  J  is  a  schematic  of  this  spreadsheet.  Once  we  have  the  estimate  of  die 
amount  of  drug  entering  the  various  US.  regians,  we  provide  die  capjdiility  to 
estimate  interregional  transfers  to  get  an  estimate  of  die  gross  amount  ready  for 
sales. 

The  procedure  here  mirrors  the  procedure  in  die  International  Transportation 
spreadsheet  The  user  enters  die  estimate  of  the  percentage  of  drug  available  that 
is  shipped  from  die  entry  regions  to  the  danand  regions  and  enters  estimates  of 
die  losses  due  eidier  to  domestk  enforceorient  or  inventory,  and  other  losses.  The 
user  then  has  die  option  to  allocate  die  regional  quantities  to  cities  widiin  die 
reguHV  The  cities  included  are  those  identified  as  hi^intensity  trafficking  areas 
by  die  National  Drug  Control  Strategy  Report,  January  1990,  augmented  by  those 
classified  by  die  FBI  as  Level  I  n  cities  for  drug  trafficking  activities.  The  next 

two  matrices  contain  irqmts  for  die  final  table,  whidi  in  turn  calculates  die 
numbers  of  individuals  involved  in  die  trade  at  each  level  in  die  market  These 
calculations  are  based  on  estimates  of  how  much  heroin  is  handled  or  consumed. 
The  regions  and  cities  appear  in  die  left-hand  coluonn,  and  the  trade  hierardiy 
appears  across  the  top.  Each  entry  represents  the  numbers  of  individuals 
involved  in  die  trade  for  die  given  year,  based  on  the  drug  supply.  The  final 


Figure  — U.S.  Distribbtion  Spreadsheet:  A  Schcnatic  Representation 
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columns  compare  the  drug-user  prevalence  (based  on  supply  estimates)  to  a 
demand-based  estimate  of  drug  use  to  determine  whedter  d\e  two  estimates  are 
at  all  consistent  This  final  table  is  reproduced  in  Table  B.16;  as  one  can  see,  there 
ate  an  estimated  192,000  users  in  the  Northeast  regirm,  which  is  more  or  less 
consistent  with  most  estimates  concerning  New  YotIc  City  (usually  estimates  are 


Tabic  B.16 

Drug  Market  Population  Data 


National 

Estimated 

Household 

Users 

Population  Calculated 

Survey 

(in  000s) 

( in  000s )  Prevalence 

Pr eva 1 ence  Ra  t i o 

North  Central 


Chicago  (II) 

0 

0 

NA 

0.3% 

NA 

Detroit  (II) 

0 

0 

NA 

0.3% 

NA 

All  Other 

159 

58,031 

0.3% 

0.3% 

0.93 

North  East 

Boston  (II) 

0 

0 

NA 

0.7% 

NA 

Newar)c  (II) 

0 

0 

NA 

0.7% 

NA 

New  York  (I) 

0 

0 

NA 

0.7% 

NA 

All  Other 

192 

47,152 

0.4%. 

0.7% 

0.62 

South  East 

Atlanta 

0 

0 

NA 

0.2% 

NA 

Miami  ( I ) 

0 

0 

NA 

0.2% 

NA 

All  other 

21 

30,996 

0.1% 

0.2% 

0.34 

South  Central 

New  Orleans 

0 

0 

NA 

0.2% 

NA 

All  Other 

50 

14,860 

0.3% 

0.2% 

1.67 

South  West 

El  Paso  (-1) 

0 

0 

NA 

0.2% 

NA 

Houston  (I) 

0 

0 

NA 

0.2% 

NA 

All  Other 

108 

19,900 

0.5% 

0.2% 

2.46 

West 

Los  Angeles  ( I ) 

0 

0 

NA 

0.3% 

NA 

San  Diego  (II) 

0 

0 

NA 

0.3% 

NA 

San  Francisco  (11) 

0 

0 

NA 

0.3% 

NA 

Seattle 

0 

0 

NA 

0.3% 

NA 

All  Other 

156 

30,193 

0.5% 

0.3% 

1.73 

U.S.  Total 

686 

201.131 

0.3% 

0.3% 
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arovind  200,000),  and  an  estimated  686,000  nationwide,  which  is  also  consistent 
widt  most  estimates  (usually  estimates  aie  around  750/XX)).^^ 


Summaiy  Spreadsheet 

There  is  (me  fiiud  spreadsheet,  the  Summary  Spreadsheet  This  spreadsheet 
does  not  re<)uire  any  data  input  by  die  user,  and  die  only  new  information  is  die 
percentage  distribution  to  die  world  markets.  This  is  obtained  by  combining 
infonnaticm  on  consumption  within  the  producing  countries  with  heroin 
shipments  to  the  world's  markets.  In  short,  for  the  sake  of  convenience,  diis 
spreadsheet  pulls  together  selected  information  frmn  the  odier  spreadsheets 
(see  Figure  B.6). 


Year 

1991 

Heroin  Ready  For  Export  to  the  World  Market 

49.5  metric  tons 

Percentage  Diatribution  to  the  Worid  Markets 

Canada 

1.0% 

SEA/Padfic 

798% 

Europe/Middle  East 

12.1% 

Storage 

0.0% 

Unknown/Elsewhere 

0.1% 

United  States 

7.0% 

Amount  of  Heroin  Entering  die  United  States 

7.4  metric  tons 

Source  Percentage  Diatributi(m  of  U.S.  Heroin 

SEA 

36.1% 

SWA 

98% 

MEX 

54.0% 

Estimated  Number  of  Users  in  the  United  States 

686826 

Hgaic  8.6—7116  Summary  Spreadsheet 


^^One  should  not  interpret  this  as  our  definitive  estimate  of  the  number  of  heroin  users  in  the 
United  States.  Rattier,  it  should  be  interpreted  as  the  number  of  users  there  must  begone  oocepfs  of/ 
previous  parameter  estimates  in  the  model. 
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C.  Spreadsheet  Guidelines 


The  system  description  omsists  of  four  speadsheets: 

1.  HERODATA  for  heroin  database 

2.  HEROPROD  for  processing  and  movement 

3.  HEROTRAN  for  international  transportation 

4.  HEROUSA  for  U3.  distribution 

The  graphs  associated  wifo  the  worksheets  are  saved  in  separate  files  known  as 
chart  files. 

Each  spreadsheet  has  cells  that  are  linked  to  data  in  the  previous  worksheet,  so 
all  the  spreadsheets  must  be  open.  The  chart  files  should  generally  be  (^)en  as 
well  Any  spreadsheets  not  of  immediate  interest  can  be  hidden  with  foe 
Window  Hide  command.  Once  the  worksheets  are  all  open,  foey  can  be  saved 
wifo  foe  nie  Save  Workspace  command.  A  workspace  file  contains  a  list  of  all 
foe  documents  open  at  foe  time  foe  Save  Workspace  commarul  is  chosen.  So  the 
next  time  one  uses  foe  model,  foe  files  can  be  opened  aU  at  once  just  by  clkkmg 
on  foe  workspace  file. 

A  spreadsheet  that  has  cells  linked  to  data  in  another  worksheet  is  "dependent" 
on  that  ofoer  worksheet  For  instance,  HEROPROD  is  dependent  on 
HERODATA,  HEROTRAN  is  dependent  on  HEROPROD,  and  so  on.  As  Icmg  as 
all  foe  dependent  worksheets  are  open,  if  one  saves  a  worksheet  imder  a 
different  name,  foe  linked  cell  references  in  foe  dependent  worksheet(s)  will  also 
change.  If  a  chart  file  is  open  (and  not  hidden),  any  changes  made  in  foe  data  it  is 
linked  to  will  be  immediately  reflected  in  foe  graph. 

Linked  cells  use  absolute  addresses  (not  relative  addresses  for  foe  cells  foey  link 
to).  So,  let  us  say  one  expanded  foe  database  in  HERODATA,  and  fite  data 
extract  range  now  starts  at  row  230  rather  than  row  226.  One  will  get  incorrect  (if 
any)  data  in  foe  linked  dependent  ceUs  in  HEROPROD  urtless  one  manually 
changes  foe  address  those  cells  littk  to  (see  foe  Excel  manual).  One  will  also  need 
to  redefine  foe  database  range  in  HERODATA  using  foe  Data  Set  Database 
command. 

It  is  good  practice  to  make  a  working  copy  of  foe  original  "master"  files  and  store 
foe  master  files  in  a  safe  place — pefoaps  a  separate  directory  (PC)  or  folder 
(Mac).  It  is  also  good  practice  to  click  on  the  Read  Only  option  in  the  Open 
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Document  dialog  box.  When  ttiis  box  is  checked,  the  program  allows  one  to 
view  and  edit  the  file,  but  re<]uiies  one  to  save  it  under  another  name  so  one 
carmot  overwrite  the  file  one  started  wifii.  This  feature  is  especially  helpful  if  one 
is  doing,  say,  sei\sitivity  anal3rses  and  wants  to  save  several  versions  with 
di^erent  data  estimates. 

Nomenclature 

Blue  cells  are  meant  to  alert  die  user  that  diey  ate  linked  to  other  wwksheets.  Of 
course,  the  user  may  override  and  enter  other  data,  but  to  restore  these  links,  he 
or  she  will  have  to  use  die  "master"  version  (or  a  knowledgeable  user  can  restore 
diem  manually).  Red  cells  indicate  diat  a  user  should  enter  his  or  her  own  data. 

Other  cells  with  a  little  ted  square  (IBM)  or  arrow  (Apple)  in  die  upper  rig^t- 
hand  comer  have  a  note  "behind"  the  ceil  explaining  sooiediing  about  die  data  in 
the  celL  If  diete  is  a  column  of  like  numbers,  the  note  may  reference  the  entire 
column  (and  may  appear  behind  only  the  first  cell).  This  note  can  be  viewed  by 
using  die  command  Formula  Note  or  by  doubleclicking  cm  the  cell  The  dialog 
box  wdl  also  show  a  list  of  odier  notes  in  the  ^readsheet  that  can  be  viewed  by 
clicking  on  any  entry  in  die  list  The  Extxl  manual  describes  how  to  view  or  print 
all  the  notes  on  a  spreadsheet 


Some  Features  of  Using  the  Database  in  HEROD ATA 

Users  who  are  unfamiliar  widi  using  a  spreadsheet  database  are  strongly 
encouraged  to  read  the  Excel  manual  chapter  on  analyzing  and  reporting 
database  information. 

The  defined  criteria  range  in  the  master  spreadsheet  has  two  rows  under  the  field 
names.  Excel  treats  criteria  entered  on  die  same  row  as  a  logical  AND,  while 
criteria  entered  on  different  rows  are  treated  as  a  logical  OR.  In  die  example  in 
the  main  text,  "1989"  is  entered  under  die  field  name  "YEAR,"  and  "[2]LOW"  is 
entered  in  die  same  row  under  the  field  named  "REFERENCE."  In  extracting 
records,  die  program  interprets  this  to  mean,  "pick  those  records  diat  have  a  year 
of  1989  and  a  reference  of  [2]LOW."  If  no  criterion  is  entered  under  a  field  name, 
the  program  interprets  it  to  mean,  "pick  any  (all)  criteria  for  duit  field."  Thus,  if 
an  entire  row  in  the  criteria  range  is  left  completely  blank,  the  program  will 
extract  all  records  in  the  database.  It  is  good  practice  to  put  stoppers  in  die  form 
of  "XXXX"  or  the  like  under  a  field  neune  in  each  row  in  die  criteria  range  to 
avoid  inadvertendy  extracting  all  the  data  records. 


nil 
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In  the  master  spreadsheet,  the  extract  range  is  at  dte  bottom  of  the  spreadsheet 
and  is  defined  as  the  row  of  field  names.  This  is  done  to  avoid  guessing  at  how 
much  space  mi^t  be  needed  to  extract  records.  However,  each  time  one  uses 


>ata  Extract  command,  all  previous  data  in  die  extract  range  are  dearecL  If 


wants  to  save  these  data  for  some  reason,  one  should  ct^y  them  to  another 


of  die  worksheet  or  to  anodier  worksheet  A  database  can  provide  an 


yst  with  summary  statistics  about  the  data.  For  instance,  the  DAVERAGE 


function  can  be  used  to  find  die  average  cultivation  area.  See  Database  Functions 
in  die  Excel  manual 
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Cell  Locations 

The  tigures  on  the  following  pages  depict  the  various  sections  of  the  four 
spreadsheets.  The  text  across  from  each  figure  describes  that  section  of  the 
spreadsheet. 
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Figure  Cl— The  Cultivation  and  Production  of  Opium  (Cells  A1  to  K47) 
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Figure  C.l  shows  the  first  tables  in  the  heroin  production  spreadsheet, 
HEROPRODJQ^.  Virtually  all  of  the  data  shown  in  fitis  figure  are  linked  to  the 
data  spreadsheet,  HERODATA.XLS.  The  user  can,  of  course,  override  any  of 
fiiese  values.  The  user  nuiy  also  input  his  or  her  own  data,  however,  in  die  cell 
range  B33  to  B41  (which  overrides  the  calculated  figure  in  the  next  column)  and 
in  the  cell  range  G33  to  G41.  One  can  see  that  Mexico's  cultivated  hectares  before 
losses  value  (10,310)  is  shown  in  cell  C17,  eradkatian  area  (6,545)  in  cell  E17,  and 
other  losses  (0)  in  cell  F17.  The  estimated  hectares  after  losses  value  (3,765)  is 
shown  in  G17.  The  estimated  opium  yield  factor,  or  the  metric  tons  of  opium 
produced  frmn  me  hectare  (0.0109),  is  displayed  in  cell  J17.  Since  Mexico  has  an 
estimated  3,765  hectares  and  a  leaf  yield  factor  of  0.0109,  die  resulting  estimated 
production  of  opium  is  41  metric  tons,  which  is  illustrated  in  cell  C39.  (The  user 
can  input  an  alternative  estimate  in  B39.)  Mexican  consumption  (0),  seizures 
(0.1),  other  losses  (0),  and  additional  losses  are  presented  in  cells  D39,  E39,  F39, 
and  G39,  respectively.  The  resulting  estimate  of  Mexican  opium  production 
ready  for  conversion  to  morphine  base  (40.9)  is  shown  in  cell  139. 


Figure  C.2 — ^Transferring  and  Converting  Intermediate  Product  (Cells  A46  to  W93) 
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Figiire  C2  shows  the  next  section  of  the  heroin  producticm  spreadsheet, 
HEROPROD JCLS.  The  iiser  may  decide  whedi»  to  ship  opiiim  from  <»te  country 
to  another  (it  could  be  shipped  to  another  country  for  cmisumption,  storage,  or 
further  processing).  The  percentage  to  be  shipped  should  be  entered  in  the  cell 
range  D53  to  P69.  For  example,  Burma  is  shipping  45  percent  of  its  (^ium  to 
Thailand,  as  reflected  in  cell  E53.  As  a  guide  fot  the  amount  to  ship,  the  numbers 
in  columns  B53  to  C69  are  prelinked  from  the  data  spreadsheet.  OrKethe 
trartsshipments  have  occurred,  ttie  amount  of  opium  after  losses  and  transfers  is 
shown  in  cells  D77  to  E)69.  The  next  step  entails  converting  die  c^ium  to 
morphine  base,  and  d\e  conversion  factors  are  found  in  cells  G77  to  H89.  In  some 
cases,  ttiese  conversion  frctors  can  be  calculated,  but  in  otihers,  dte  user  must 
supply  diem.^  Finally,  the  source  distribution  matrix  in  cells  IC^  to  U89 
indicates  the  source  of  die  opium  for  each  country's  supply,  t  r  instance,  76 
percent  of  Mexico's  54  metric  tons  was  grown  in  Mexico,  and  jA  percent  was 
grown  in  Guatemala.  The  pooled  conversion  frctor  takes  these  percentages  into 
account  when  calculating  die  value  of  die  opium  to  morphine  base  conversion 
factor. 


^Diis  is  because  insuffident  data  are  avaiU)le  in  die  INCSR  and  NNICC  documents  to  derive 
dieoonverskmfocton.  Consequently,  diose  data  must  come  from  another  source,  aMwugb  the 
model  currently  has  estimated  values  for  these  {actors. 
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FiguK  C3 — ^Prodadng  Motphine  Buc  (Cells  A94  to  J120) 
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Figure  C.3  shows  the  next  section  of  the  heroin  production  spreaddieet, 
HEROPROD  JCLS.  The  user  can  input  data  on  the  amount  of  morphine  base  diat 
is  consumed,  seized,  or  lost  in  die  range  of  cells  D103  to  G115.  Mexico's  value  is 
5.4  (cell  C109).  This  is  derived  by  taking  its  estimated  amount  of  opium,  which  is 
54  metric  tons  (cell  D63),  and  dividing  it  by  its  pooled  conversion  factor,  which  is 
10  (cell  W83).  Since  no  morphine  base  is  subtracted,  Mexico  emerges  widi  5.4 
metric  tons  (cell  1109). 
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Figure  C4— Transferring  Morphine  Base  and  Its  Conversion  to  Heroin  Base  (Cells  A121  to  W172) 
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Figtire  C.4  shows  tt\e  next  section  of  the  heroin  producticm  spreadsheet, 
HEROPROD JCLS.  The  user  may  decide  whether  to  ship  morphine  base  frcxn  one 
country  to  another  (it  could  be  shipped  to  anodher  country  for  omsumption, 
shortage,  or  further  processing).  The  percentage  to  be  shipped  should  be  entered 
in  die  cell  range  C126  to  0150.  For  exampte,  Burma  is  shipping  20  percent  of  its 
morphine  base  to  Thailand,  as  reflected  in  cell  D126.  Once  the  transshipments 
have  occurred,  the  amount  of  morphine  base  after  losses  and  transfers  is  shown 
in  cells  D157  to  D169.  The  next  step  entails  converting  the  morphine  base  to 
heroin  base,  and  the  conversion  factors  are  found  in  cells  G157  to  H169.  In  some 
cases,  diese  conversicxi  fectors  can  be  calculated,  but  in  others,  die  user  must 
supply  them.  Finally,  die  source  disttibution  matrix  in  cells  K155  to  U169 
indicates  the  source  of  die  morphine  base  for  each  country's  supply.  For 
instance,  73.1  percent  of  Mexico's  5.6  metric  tons  was  grown  in  Mexico  and  26.9 
percent  was  grown  in  Guatemala.  The  pooled  conversimi  fector  taices  these 
percentages  into  account  when  calculating  the  value  of  die  opium  to  morphine 
base  conversion  factor. 
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Figure  C5  dtows  the  next  section  of  tiie  heroin  production  spreadsheet, 
HEROPROD  JCLS.  The  user  can  input  data  on  the  amount  of  heroin  base  diat  is 
cortsumed,  seized,  or  lost  in  die  range  of  cells  D181  to  G193.  Mexico's  value  is  5.6 
(cell  C187).  This  is  derived  by  taking  its  estimated  amoimt  of  morphine  base, 
which  is  5.6  metric  tons  (cell  D163),  and  dividing  it  by  its  pooled  conversicm 
hictor,  which  is  1  (ceil  W163).  Since  no  heroin  base  is  subtracted,  Mexico  emerges 
with  5.6  metric  tons  (cell  1187). 
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Figure  C.6— Transferring  Heroin  Base  and  Converting  It  to  Heroin  (Cells  A198  to  W250) 
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Figure  C.6  shows  tihe  next  section  of  the  heroin  prodviction  spreadsheet, 
HEROPROD.XLS.  The  user  must  decide  whether  to  ship  heroin  base  from  <me 
country  to  another  (it  could  be  shipped  to  another  country  for  consumpticm, 
storage,  or  further  processing).  The  percentage  to  be  shipped  should  be  entered 
in  the  cell  range  C204  to  0228.  For  example,  Burma  is  shipping  10  percent  of  its 
morphine  base  to  Thailand,  as  reflected  in  cell  D204.  Once  die  transshipments 
have  occurred,  the  amount  of  morphine  base  after  losses  aiui  transfers  is  shown 
in  cells  D234  to  D246.  The  next  step  entails  converting  die  heroin  base  to  heroin, 
and  die  conversion  factors  are  found  in  cells  G234  to  H246.  In  some  cases,  these 
ccmversion  factors  can  be  calculated,  but  in  odiers,  the  user  must  supply  them. 
Finally,  the  source  distribution  matrix  in  cells  K232  to  U246  indicates  the  source 
of  the  heroin  base  for  each  country's  supply.  The  pooled  conversion  factor  takes 
these  percentages  into  account  when  calculating  the  value  of  the  heroin  base  to 
heroin  conversion  factor. 
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Figure  C.7  shows  the  next  section  of  the  heroin  production  spreadsheet, 
HEROPROD.XLS.  The  user  can  input  data  on  the  amount  of  heroin  that  is 
consumed,  seized,  or  lost  in  the  range  of  (%lls  D259  to  G271.  Burma's  value  is 
15.2  (cell  C259).  This  is  derived  by  taking  its  estimated  amount  of  heroin  base, 
which  is  15.2  metric  tons  (cell  D234),  and  dividing  it  by  its  pooled  conversion 
factor,  which  is  1  (cell  W234).  An  estimated  4.5  metric  tons  are  consumed  (cell 
D259)  and  0.1  (E259)  is  seized.  Consequently,  Burma  emerges  with  10.5  metric 
tons  of  heroin  (cell  1259). 
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Figure  C8 — International  Transportation  of  Heroin  (Cells  A1  to  P24) 
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Figure  C.8  shows  the  first  section  of  the  heroin  transportation  spreadsheet, 
HEROTRAN.XLS.  The  user  decides  whether  to  add  more  heroin  into  the  system. 
If  so,  these  data  would  be  added  in  die  range  of  cells  E9  to  E21  for  "storage"  or 
G9  to  G21  for  alternative  inputs.  The  source  distribution  matrix  is  located  in  the 
range  of  cells  AV7  to  BF21.  The  source  distribution  table  indicates  where  each 
country's  heroin  supply  was  grown. 
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Figure  C.9 — ^The  First  International  Transportation  Matrix  (Cells  A25  to  AS74) 
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Figure  C.9  shows  the  next  section  of  ti\e  heroin  transportation  spreadsheet, 
HEROTRAN.XLS.  The  user  may  decide  whether  to  ship  heroin  from  erne  country 
to  another.  Burma's  estimated  heroin  production  ready  for  export  (10.5)  is 
presented  in  cell  C9.  This  value  is  then  carried  down  to  cell  A32.  Burma  is 
shipping  45  percent  of  its  heroin  to  Thailand,  as  indicated  in  cell  E31.  Burma  is 
also  shipping  10  percent  to  Laos  (cell  G31),  15  percent  to  India  (U31),  10  percent 
to  Malaysia  (W31),  10  percent  to  Hong  Kong  (AC31),  and  10  percent  to  Singapore 
(AK31).  After  the  user  inputs  the  relevant  percentages,  formulas  will 
automatically  calculate  the  appropriate  amount  of  heroin  that  is  shipped  to  each 
coimtry.  (Note:  The  Source  Distribution  Table  for  this  matrix  is  in  the  range 
AV52toBF71.) 
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Figure  C.IO  shows  the  next  section  of  the  heroin  trans{>ortation  spreadsheet, 
HEROTRAN.XLS.  The  user  may  decide  whether  to  ship  heroin  from  cme  country 
to  another.  This  matrix  functions  exactly  like  die  matrix  in  Figure  C9.  (Note: 

The  Source  Distribution  Table  for  this  matrix  is  in  the  range  AV119  to  BF138.) 
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Figure  C.ll  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRAN.XLS.  The  user  may  decide  whedier  to  ship  heroin  from  one  country 
toanodwr.  Hus  matrix  functions  exactly  like  the  matrix  in  Figure  C9.  (Note: 

The  Source  Distribution  Table  for  tttis  matrix  is  in  the  range  AV187  to  BF206.) 
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Figure  C.12  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRAN.XLS.  The  user  may  decide  whether  to  ship  fwroin  from  one  country 
to  another.  This  matrix  hmctions  exactly  like  the  matrix  in  Figure  C.9.  (Note: 

The  Source  Distribution  Table  for  dus  matrix  is  in  the  range  AV254  to  BF273.) 


Figure  C13— Transportation  of  Heroin  to  'Markets"  and  Foreign  Seizures 

(Cells  A276  to  R350) 
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Figure  C.13  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRAN  J(LS.  The  user  may  decide  to  which  markets  to  sexul  a  country's 
heroin.  Alternately,  the  user  may  ignore  the  od>er  markets  and  input  (mly  d\e 
amoimt  destined  for  the  United  States  in  column  Q.  Mexico's  estimated  heroin 
production  ready  for  shipment  to  the  world's  markets  (5.7)  is  presented  in  cell 
A301.  In  the  first  method,  this  heroin  can  be  allocated  to  the  world's  markets  by 
placing  a  percentage  in  cells  C300  for  Canada,  E300  for  Southeast  Asia  ana  the 
Pacific,  G300  for  Europe  and  d\e  Middle  East,  1300  for  storage,  K300  for  an 
unknown  destinatitm,  and  0300  for  the  United  States.  One  can  see,  for  example, 
the  current  estintate  that  1(X)  percent  of  Mexico's  heroin  is  shipped  to  the  Uiuted 
States,  as  indicated  in  cell  0300.  The  total  amount  of  heroin  shipped  to  the 
United  States  (10.5)  by  all  countries  is  presented  in  cell  0339,  which  represents 
21.2  percent  of  all  heroin  shipped  to  market  (cell  0341).  The  estimate  of  10.5 
metric  tons  is  carried  down  to  cell  A346.  The  user  may  dien  provide  an  estimate 
of  how  much  heroin  destined  for  the  United  States  is  seized  in  foreign  locations 
(0.845),  as  shown  in  cell  A347.  This  amount  is  subtracted  from  the  system  and 
tile  resulting  net  amount  remaining  (9.66)  is  provided  in  cell  A349. 


Figure  C14 — Distribution  of  Incoming  Heroin  Among  U.S.  Entry  Regions 

(Cells  A351  to  R418) 
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Figure  C.14  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRANJCLS.  The  user  may  decide  to  which  of  the  six  U.S.  entry  regions  to 
send  a  country's  heroin.  In  the  example  shown,  Mexico  has  5.2  metric  tons  in  ceU 
A378  carried  down  ftom  the  previous  table.  In  this  example,  we  have  specified 
that  25  percent  is  shipped  to  the  Southwest  region  (cell  K377)  and  75  percent  is 
shipped  the  West  region  (cell  M377). 
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Figure  ClS—Distribution  of  Transportation  Modes  into  U^.  Entry  Regions 

(CelUA419toP472) 
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Figure  C.15  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRANJG,S.  The  user  may  decide  on  the  transportation  modes  of  ttte 
heroin  into  the  six  U.S.  entry  regions.  In  the  example  shown,  100  percent  of  the 
heroin  entering  the  North  Central  regicm  arrives  through  commercial  air  (cell 
C424).  All  of  d\e  percentages  in  Table  5A  are  derived  automatically  from  seizure 
data  in  Table  6.  Alternatively,  the  user  can  input  other  data  in  Table  5B.  If  any 
data  are  provided  by  the  user  in  Table  SB,  they  will  be  used  instead  of  the 
percentages  in  Table  5A.  However,  the  user  must  ensure  But  die  column 
percentages  total  100  percent  OBierwise,  none  of  the  percentages  in  that  column 
will  be  recognized  by  die  model 


88 


n 

1 _ A _ 1 

i 

1  c  |d|  e  |f|  g  ThI 

1 

D 

1_ K_ 1 

[U  M |N| 0  W 

m 

Itmlec.  sebum 

;SOPHEIIOMfTfMNSI>ORTATIONIIOOEBVU.S.EMTIiyKOION>  '  !  1 

m 

L 

ImMETRICTONS  1  : 

_ 

m 

t 

NORTH- 

L 

NORTH- 

L 

SOUTH- 

i  SOUTH- 

1  ‘  1  TOTAL  1 

m 

iL 

CENTRAL 

i. 

EAST 

J_ 

EAST 

WEST 

1  WEST  1  BY  MODE  1 

nn 

1 

n 

IHHHHHlM 

II 

iMhhMhi 

m 

COMMERCIAL 

n 

i 

\ 

1 _ 1 

m 

AIR 

0.201 

□ 

i  1.1291 

n 

i 

n 

n 

fl 

■■■■■■■■■II 

■ 

m 

PRIVATE 

X, 

n 

1 - 

E 

l; 

AIR 

iL 

0.000 

[L 

0.000 

i_ 

0.000 

E 

0.00011 

0.00011  '  O.OOO'I  O.OOOOil  1 

im 

1 

_ 

n 

MMIMMI 

11 

. . . . .  , 

1 _ _ _ 

m 

COMMERCIAL 

L 

i 

i 

... 

E 

L _ E _ i _ u 

zm 

LAND 

0.000 

E 

1  0.000I 

E 

E 

i|  1  O.OOOll  0.000.1  0  0000  1 

t  , 

. 

n 

MHHMi 

i 

■■HMOT 

i 

. . ii  — . 1  ! . 1  . 1 

m 

PRIVATE 

J_ 

i 

n 

i 

_ _ L _ _ J _ L 

m 

LAND 

0.000 

E 

1  o.oool 

E 

!  ! 

l(  1  ']  1  0.024)1  '  O.OO81)  0.0324'|  | 

ITTl 

i 

i 

n 

Ej] 

COMMERCIAL 

fi 

i 

■■■■ 

n 

EH 

SEA 

x: 

1  o.oool 

E 

0.000 

E 

1  o.oool 

E _ ooooil 

O.OOOli  i  0.628M  0.62801  1 

E3 

n 

HHHHHI 

i 

1 

■MnRM 

E?] 

PRIVATE 

n 

|H||B 

n 

i 

1 

■■■■1 

E!! 

SEA 

Lj 

0.000 

jj 

0000 

E 

0.000 

L 

1_ OOOOil  1 

1  0.000il  0.000  1  0.0000  1  1 

1 

1 

J_ 

. . . .  .T- 

L 

■■■■■■■■ 

1 

e::! 

TOTAL 

L 

E 

L 

L 

“1 

u 

1 - 

1 _ 

U _ _ zjwL 

EH 

BY  REGION 

L 

0201 

L 

1.129 

Ij 

0.016 

L 

0.000 

L 

i  0.040il  i  0.874il  2.2591  1 

cn 

8.9% 

E 

SO.0% 

n 

Li_ 0^ 

Ijj 

I  1.8%l 

ll  1  38.7%:|  1  1 

E3 

■■IH 

■ 

■■IB 

■ 

Figure  C16— Seizuiee  of  H«oin  (Cells  A473  to  P498) 
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Figure  C.16  shows  the  next  section  of  the  heroin  transportation  spreadsheet, 
HEROTRAN  J(LS.  The  user  may  decide  on  the  amount  of  heroin  that  is  seized 
by  entry  region  and  transportation  mode.  In  the  example  shown,  a  total  of  2259 
metric  tons  are  seized  (cell  04%,  0497).  In  d\e  Nordteast,  for  instance,  1.129 
metric  tons  are  seized  by  commercial  air  (cell  E479). 
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Figure  C.17  shows  ttie  first  section  of  the  heroin  U.S.  distribution  spreadsheet, 
HEROUSA.XLS.  The  user  may  decide  on  the  regioiud  domestic  production 
totals.  There  is  also  a  column  for  the  user  to  input  an  altenuitive  totaL  In  the 
example  shown,  0.95  metric  ton  is  cmning  into  the  North  Central  region  (after 
foreign  and  point  of  entry  into  the  U.S.  seizures),  and  is  reflected  in  cell  C13.  The 
numbers  in  this  column  are  linked  to  HEROT^AN.XLS. 
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Figure  C.18  shows  the  next  section  of  the  heroin  U£.  distribution  spreadsheet, 
HEROUSA.XLS.  The  user  may  decide  dte  interregumal  domestic  transfers  of 
heroin.  In  this  example,  5  percent  of  the  heroin  shipped  into  the  Northeast 
region  is  shipped  again  to  the  North  Central  region,  as  shown  in  cell  C43. 


Figure  C19 — State  and  Local  Seizures  and  the  Regional  Distribution  of  Net  Heroin  Ready 

for  Sale  (Cells  A59  to  Llll) 


95 


Figure  C.19  shows  the  next  section  of  tf\e  heroin  U.S.  distribution  spreadsheet, 
HEROUSAXLS.  Ihe  user  may  decide  on  the  amoimt  of  heroin  to  be  withdrawn 
horn  the  system  by  state  and  local  seizures,  and  if  desired,  die  amount  of  heroin 
to  ship  to  some  major  cities.  Domestic  seizures  are  withdrawn  fxxm  the  system 
by  inputting  values  in  cells  E65  to  E70.  Also,  odier  losses  can  be  taken  from  the 
system  in  cells  G65  to  G70.  If  die  user  desires  to  allocate  the  heroin  to  some 
major  cities,  diis  is  accomplished  by  placing  the  percentage  value  in  cells  C80-81, 
C85-87,  C91-92,  C%,  ClOO-lOl,  and/or  C105-108. 
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TABLE  SB.  DRUG  MARKET  HIERARCHY-ALTERNATIVE  TAB 
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Figure  C20— Drug  Market  Hierarchy  Tables  (Cells  A112  to  N155) 
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Figure  C^O  shows  the  next  section  of  the  heroin  U.S.  distribution  spreadsheet, 
HEROUSA.XLS.  The  user  may  input  an  estimate  of  the  average  amount  of 
heroin  consumed.  The  dehiult  table  (5A)  shows  only  data  for  users  and  indicates 
that  0.039  kg  is  the  average  value.  This  is  presented  in  cells  C127,  E127,  G127, 
1127,  K127,  and  M127.  The  alternative  table.  Table  5B,  allows  the  user  to  input  his 
or  her  own  values.  Any  values  placed  in  this  table  override  the  values  in  Table 
5A.  If  the  user  desires  to  input  an  alternative  amount  of  average  use,  these 
values  can  be  input  into  cells  C149,  E149,  G149, 1149,  K149,  and  M149. 
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Figure  C21— Purity  LceeU  (Cells  A156  to  N173) 
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Figure  C21  shows  the  next  section  of  the  heroin  U^.  distribution  spreadsheet, 
HEROUSA.XLS.  The  user  may  input  an  estimate  of  the  average  purity  level  of 
the  heroin  at  different  levels  in  the  market  In  this  case,  the  average  piuity  levels 
for  users  (as  opposed  to  distributors,  wholesalers,  or  dealers)  is  30  percent  (see 
cells  C170,  E17D,  G17D,  1170,  K170,  and  M170). 
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Figiue  C.22 — Drug  Market  Population  Data  (Cells  A174  to  V213) 
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Figure  shovsrs  the  last  section  of  ttie  heroin  U.S.  distribution  spreadsheet, 

HEROUSAJCLS.  Ihe  user  must  oisure  that  die  population  numbers  presented  in 
column  M  are  basically  correct.  These  figures  are  based  on  1990  census  data. 

The  estimated  number  of  users  is  presented  in  column  I.  These  percentages  are 
compared  to  the  population  numbers  in  column  M  to  obtain  die  calculated 
prevalence  percentage  shown  in  column  O.  This  percentage  can  be  compared  to 
the  National  Housdiold  Survey  percentage  presented  in  column  Q.  Finally,  die 
ratio  in  column  U  is  die  ratio  of  the  model's  calculated  prevalence  to  the 
Household  Survey's  estimated  prevalence. 
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D.  A  Short  Primer  on  the  INCSR's  Data 
Collection  Methodology 

In  this  appendix,  we  present  a  verbatim  portion  of  the  1991  International  Narcotics 
Control  Strategy  Report  that  discusses  the  methodology  for  estimating  various 
factors  in  illegal  drug  production.  It  identifies  tiie  estimates  in  which  there  is  the 
least  (and  most)  certainty  as  well  as  some  of  the  reasons  for  the  differences  in 
certainty.^  This  discussion  is  applicable  to  cocaine,  heroin,  and  marquana. 

Metiiodology  for  Estinuliiig  Illegal  Drug  Productiofi:  How  much  do  we 
know?  This  report  [1991 INCSR]  omtains  tables  showing  a  variety  of  illicit 
narcotics-relat^  data.  While  these  numbers  represent  the  United  States 
Government's  (USG)  best  effort  to  sketch  the  dimensions  of  the  inter* 
natirmal  drug  problem,  the  reader  should  be  aware  that  the  picture  is  not 
always  as  precise  as  we  would  like  it  to  be.  The  numbers  range  from 
cultivation  figures,  hard  data  derived  by  proven  means,  to  crop  production 
and  drug  yield  estimates,  where  many  more  variables  come  into  play. 

Since  much  information  is  lacking  where  yields  are  concerned,  foe 
numbers  are  subject  to  reviskm  as  more  data  becranes  known. 

What  we  know  with  reasonable  certaintjr:  The  most  reliable  information 
we  have  on  illicit  drugs  is  how  many  hectares  are  uitder  cultivatitxi.  For 
more  than  a  decade,  (he  USG  has  estimated  the  extent  ctfiUidtcultivatfon 
in  a  dozen  nations  using  proven  methods  similar  to  those  used  to  estimate 
the  size  of  licit  crops  at  home  and  abroad.  We  can  thus  estimate  the  size  of 
crops  with  reasonable  accuracy. 

What  we  know  with  less  certainty:  Where  crop  yields  are  concenwd,  foe 
picture  is  less  clear.  How  much  of  a  finished  product  a  given  area  will  pro¬ 
duce  is  difficult  to  estimate,  smee  small  chan^  in  such  factors  as  soil 
fertility,  weather,  farmiitg  techniques,  and  disease  can  produce  widely 
varying  results  from  year  to  year  and  place  to  place.  In  addition,  most 
illicit  drug  crop  areas  are  iruiccessible  to  the  USG,  making  scientific 
information  difficult  to  obtain.  Mmeover,  we  must  stress  that  even  as  we 
refine  our  methods  of  analysis,  we  are  estimating  potential  crop  available 
for  harvest.  These  estimates  do  not  allow  for  loraes,  whidi  coiUd  represent 
anything  from  a  tenth  to  a  third  (or  more)  of  a  crop  in  some  areas  for  some 
harvests.  Thus,  foe  estimate  of  foe  potential  crop  is  useful  in  providing 
comparative  analysis  from  year  to  yev,  but  tire  actual  quantity  of  final 
product  remains  elusive. 

Harvest  Estimates:  Estimating  foe  quantities  of  coca  leaf,  opium  gum,  and 
marijuana  actually  harvested  and  available  for  processing  into  finished 
narcotics  remains  a  major  challenge.  We  currently  camot  accurately  estirrute 
this  amount  for  any  illicit  crop  in  any  nation.  While  formers  naturally  have 
strong  iiKentives  to  maximize  their  harvests  of  what  is  almost  always  their 


^Refer  to  the  International  Narcotics  Control  Strategy  Report,  United  States,  Department  of  State, 
March  1991,  pp.  7-8. 
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most  profitable  cash  crt^,  the  harvest  depends  upon  the  ^fidency  of 
forming  practices  aiul  the  wastage  caused  by  poor  practices  m  difficult 
weafiier  ocmditkms  durmg  aiul  after  harvest.  A  tenfii  to  a  third  (or  more) 
of  a  crop  may  be  lost  in  scnne  areas  during  harvests.  Additional 
information  and  analyris  may  enable  us  to  make  adjustments  for  fiwse 
factors  in  the  future.  Smilar  deductions  for  local  consiunption  of 
unprocessed  coca  leaf  and  opium  may  be  possible  as  well  throu^  tlw 
accumulation  of  additional  mformatim  and  research. 

Processing  Estimates.  The  wide  variatum  in  processing  efficiencies 
achieved  by  traffickers  complicates  the  task  of  estimating  the  quantity  of 
cocaine  or  heroin  whidi  could  be  tefii>ed  from  a  crop.  These  efficiencies 
vary  because  of  differences  in  tiie  origin  aitd  quality  of  the  raw  material 
use^  the  tedmical  processing  method  eaq>lo^,  the  size  and 
sophistication  of  laboratmies,  and  the  skiU  and  experience  of  local  workers 
and  chemists.  The  USG  continues  to  estimate  potntial  cocame  production 
as  a  range  based  on  processing  efficiencies  that  appear  to  be  most  commm. 

The  actual  amount  of  dry  coca  leaf  or  opium  converted  into  a  final  product 
during  any  time  period  remains  unknown,  given  the  possible  losses  noted 
earlier.  There  are  indications,  however,  ttiat  cocaine  processing  efficiencies 
improved  during  the  1980s,  and  that  traffidcers  still  have  considerable 
romn  for  iiiq>iovement 

Figures  will  change  as  techniques  and  data  quality  improve.  Thereader 
may  ask:  are  this  year's  figures  definitive?  Tte  reply  is,  almost  certainly, 
someareiwt  Adffitional  research  may  result  in  future  revision  to  USG 
estimates  of  potential  drug  productkm.  For  the  present,  however,  these 
statistics  represent  the  state  of  the  art  As  the  art  improves,  so  will  the  pre> 
dsion  of  tile  estimates. 


104 


E.  A  Simulation  to  Test  for  the  Effect  of 
Propagating  Errors  in  the  Model 


Because  of  ttte  hi^  number  of  parameters  in  Bie  model  and  the  likelihood  that 
most  are  estimated  with  some  degree  of  error,  tttere  is  the  possibility  that  even 
slight  errors  in  parameter  values  can  propagate  throu^out  die  system  and 
translate  into  large  errors  in  die  later  stages  of  the  model  We  conducted  a 
simulation  to  test  the  model's  robustness  in  the  fece  of  these  propagating  errors. 
We  chose  six  parameters  and  randomly  changed  each  by  an  amount  within  20 
percent  of  the  initial  value.^  Then,  we  compared  the  model's  estimated  number 
of  users  from  each  of  die  50  iterations  to  die  model's  beginning  value.^ 

The  six  parameters  are  taken  from  each  of  the  model's  spreadsheets  (Le., 
production,  tran^xirtation,  and  dmnestic  distribution)  and  are  representative  of 
all  of  the  model's  parameters  in  terms  of  dieir  impact  on  the  model's  output  In 
odier  words,  some  parameters  have  a  large  influence  on  the  model's  output 
while  others  have  relatively  little  impact.  The  six  parameters  are: 

•  Burma  Opium  Yield  Factor  (metric  tons  of  opium  per  hectare) — ^Burma 
constitutes  about  68  percent  of  the  estimated  hectares  of  opium  under 
cultivation  for  1991.^  The  sensitivity  analysis  presented  in  Table  E.1  reveals 
diat  this  parameter  exercises  a  significant  impact  on  die  model's  output.  For 
example,  a  50  percent  change  in  this  parameter  results  in  an  71  percent 
change  in  the  estimated  number  of  users. 

•  Burma  Opium  Consumption  (metric  tcms) — ^Approximately  150  metric  tons 
were  consumed  in  Burma  during  1991,  making  it  die  largest  domestic 
consumer  of  opium  among  the  nine  producing  countries  included  in  die 
model.  However,  it  is  likely  that  diis  parameter  has  an  insignificant 
influence  on  die  model's  output  For  example,  as  presented  in  Table  4.1, 
Laos's  opium  consumption  is  about  29  metric  tons,  and  a  50  percent  change 
in  this  parameter  results  in  a  2.3  percent  change  in  die  estimated  number  of 
users. 


^We  used  Excel's  random  number  generator  to  create  a  table  of  random  numbers  that  ranged  in 
value  from  -20  percent  to  +20  percent  llie  20  percent  figure  is  somewhat  arbitrary  but  we  believe  an 
appropriate  amount  for  this  ilhistrative  exercise. 

^Any  propagating  errors  would  ostensibly  find  their  greatest  impact  at  the  end  of  the  model,  so 
we  deckM  to  use  toe  estimated  mimber  of  users,  because  it  is  the  final  model  estimate. 

%his  indudes  Burma,  Thailand,  Laos,  Afghanistan,  Pakistan,  Iran,  Lebanon,  Mexico,  and 
Guatemala. 
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Tabic  El 

Output  fmn  the  Simulatiim 


Itentum 

Users 

(000) 

ItN. 

Users 

(000) 

Iter. 

Users 

(000) 

Iter. 

Users 

(000) 

Iter. 

Users 

(000) 

1 

953 

11 

677 

21 

589 

31 

506 

41 

838 

2 

926 

12 

650 

22 

617 

32 

682 

42 

807 

3 

769 

13 

595 

23 

680 

33 

522 

43 

558 

4 

479 

14 

725 

24 

543 

34 

418 

44 

660 

5 

530 

15 

561 

25 

6^ 

35 

1,132 

45 

442 

6 

454 

16 

632 

26 

625 

36 

592 

46 

649 

7 

540 

17 

544 

27 

841 

37 

609 

47 

554 

8 

1,055 

18 

402 

28 

520 

38 

792 

48 

547 

9 

574 

19 

687 

29 

706 

39 

546 

49 

580 

to 

842 

20 

654 

30 

647 

40 

944 

50 

641 

•  Foreign  Seizures  (metric  tons)— Witii  less  ttian  one  metric  ton  of  heroin 
removed  from  the  system,  it  is  likely  ttuit  ttus  parameter  will  have  a 
negligible  intact  on  die  model's  output 

•  Average  Purity— This  parameter  can  have  a  suqor  influence  over  die  model's 
output  Indeed,  the  sensitivity  analysis  presented  in  Table  4.1  reveals  diat  a 
50  percent  change  in  diis  parameter  results  in  a  33  percent  change  in  the 
estimated  number  of  users. 

•  Domestic  Seizures  (metric  tons)— Since  only  about  6  mebric  tons  of  heroin  are 
extracted  from  die  system  in  1991,  it  is  likely  that  diis  parameter  will  have  a 
minor  effect  on  the  model's  ou^t 

•  Annual  Consumption  (kilograms)— This  parameter  can  potentially  have  a 
mi^  eff^  on  die  model's  output  The  sensitivity  analysis  in  Table  4.1 
shows  that  a  50  percent  change  in  its  value  results  in  a  34  percent  change  in 
die  estimated  number  of  users. 

The  output  from  the  simulation  is  presented  in  Table  E.I.  The  beginning  value  in 
die  model  for  die  estimated  number  of  users  is  627,000.^  The  minimum  value 
obtained  is  402  diousand  (or  64  percent  of  the  beginning  value),  the  maximum  is 
1.1  million  (181  percent  of  the  beginning  value);  die  median  is  628  diousand  (100 
percent  of  die  beginning  value);  and  the  mean  is  653  diousand  (104  percent  of  die 
beginning  value). 


^One  thould  not  interpret  Ms  *»  our  definitive  wtinute  of  the  mimbw  of  heroin  uawg  in  the 
UitfMStato.  should  be  inlnprettd  as  the  nunte  of  luen  then  inust  begone  accepts  oU 

previoiapanmelere$timtamihenmU. 
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These  data  are  largely  clustered  around  the  beginning  value.  This  is  evidenced 
by  the  fact  that  72  percent  of  the  simulation  output  is  within  25  percent  of  the 
beginning  value,  as  illustrated  in  Figure  E.1. 

Moreover,  these  data  are  more  or  less  uniformly  distributed  around  die 
beginning  value,  but  some  skewing  is  evident  This  is  illustrated  in  Figure  E.2. 

We  conclude  frtmi  diis  simulation  that  the  model  is  generally  robust  in  the  face  of 
propagating  errors.  The  vast  majority  of  the  simulation  output  falls  close  to  d\e 
beginning  value  of  627  thousaiul.  Iiuleed,  72  percent  of  dw  simulation  output 
falls  within  25  percent  of  the  beginning  value.  In  a  limited  number  of  cases, 
however,  the  effect  of  propagating  errors  produces  values  that  are  significandy 
different  dom  the  beginning  value.  All  of  this  suggests  that  in  most  cases  (but 
not  all),  die  errors  will  coimtervail  each  odier. 
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Figure  El — ^Fifty  Random  Changes  in  Six  Heroin  PanmelerK  72Pemntof 
Simulation  Output  Is  Within  25  Percent  of  the  Beginnii^  Value 
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Estimated  number  of  users  (in  thousands) 

Figuic  E.2 — ^Histognm  of  Hcnin  User  Output 
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